ii iy 
Mh Ni} My 
i i| 


} 
{i) ee Wee 
iH | 
Nis 
| 


(522 =O=2Oe Pea Pa Pea Pee Pea Pea Peele) 
earning and Xabor. 
LIBRARY 
University of Illinois. § 
CLASS. BOOK. VOLUME. 
4 Soll Ne any 
Accession No, bh f 


Oe 
e) 


es 
#.\4 
Lol" 


’ 
i 
i - 
a 
if 
i 
. y 
rs H 
% 
Pr 
a 
= 
7 
' 
: re, 
+ 
{ - 
= 
oS 


Digitized by the Internet Archive 
in 2014 


https://archive.org/details/annualreportofun2171geol 


ay 


TWENTY-FIRST ANNUAL REPORT 


OF THE 


UNITED STATES GEOLOGICAL SURVEY 


SECRETARY OF THE INTERIOR 


Rois!s LS) 


CHARLES D. WALCOTT 


DIRECTOR 


IN SEVEN PARTS 


PART VII-TEXAS 


WeAsSiEoON/ GA Onn 
GOVERNMENT PRINTING OFFICE 
1901 


YAR 


—_— 
— 
= 
mt 
-- 
= 
a 
= 
— 
ar 
— 
—_ 
— 
— 
—_ 
= 
—_ 
ov 


— 
~~ 
_ 

~~ 


TWENTY-FIRST ANNUAL REPORT 
| OF THE 


«UNITED STATES GEOLOGICAL SURVEY 


PART VII—TEXAS 


ie) 


aa 54028 


A 
4 
ae” 
bie Fy, 
ny" 
<s ” j 
’ w, A 
wey 
ny 
rier 
= 


o, oe 
‘ 


aft ae 
‘us 


cu ate 
fi 


> ‘ 
she 
> 
& 
“de 
. 
a 
‘ 
Le 
; 
, 6 
: 
, 
‘9 
> 
im 
sy 
% 
’ 
% 
y 
ye 
f 
i 
5 
i% 
¢ i 
i 
ae 
Figo: 
@ 
J , 
i ia 
7 Fis 
ee sts. 
+ ies 
5 
P 
Ly 7 
ty a 
ee 
» 
( 
& 
Ww. - 


7) 


he A 
Sa: fy 


GEOGRAPHY AND GEOLOGY 


OF THE 


BLACK AND GRAND PRAIRIES, TEXAS 


WITH 


DETAILED DESCRIPTIONS OF THE CRETACEOUS FORMATIONS AND 
SPECIAL REFERENCE TO ARTESIAN WATERS 


BY 


ROBERT T. HILL 


ws 


CON TONES 


Page 
EN TRO DUCTION ESE Ram anes fcisa sche aces aa encase Ree eae canecewseke 23 
PATCAR CLEA Le Cums repre Ne a ae et ate ees, Je Cen Ee CRT erat tS 23 
SOURCES TOMO ai baeree wer ee tay Pe oe ors ea ar eal feet ee EN 23 
Imipontancerolpaleontology -aee ane eet eee en eee ee eee eee eee eee 24 
Part I. GEOGRAPHY OF THE TEXAS REGION .......------- Se ate aos eects 25 
MheStaterothexashst ar bs aes) 2 ening ae cae beet ole Tee hoes oe 25 
ATE), THORTHKONSS GiaG! inl KCbKARHOME). «ooo a5 coScee sone an Sasocesosaceense 25 
IDAHO KOLA Oss NS JO COMING Hoo Soe cco ccc saceseosoceesooueese 27 
Herre lie hme sete set oe a See ene ace eecnne te ea veo Me 29 
Relationkoiiormationstopreliciee === see aan ee ae ae eae see 30 
Kinds of relief-making rocks in Texas region..----.-.---------- 31 
Influence of the marine sedimentaries.....-...---.-.-.--.- 32 
Influence of nonmarine sedimentaries .............-------- 35 
imfluencerotsthepencous|rocksiseeeene- eens ace eee ease 36 
Hey MOuUntAINS; = j32 = See eee enero ne ins Snes wleme e ontsew chee 37 
Ouachitaisy stem seer eee eee EEE eae tate cee s ceciececce esis 37 
IMountaimsofRrans-kecospbrowincesseere ees. seseees eeeeee seen 38 
Wave) TORN eee eos be 6 US SBS SON ESR BOSE EEE ae aaa aes 39 
Classification of plainsibygoriginu=ss=aee ease sens nee see 39 
Constructionalip lain sees eee =e ae a eee eee eee 40 
Westructionalyplainsmasset see ee ee see sao sce ce eee e omtes 41 
Plains of the Regional Coastward Slope .---..----..---.-------- 42 
Wb e: Greate lain sheers eee ino Ste ioe ere Se Smite ciee 43 
; Rhesprainie;p lain seer ee reece sae Senne = es eee eens ce 44 
Plains of the Hast-Central Province.......-..--.-.-.-- 45 
RlainstotsthelCentralybrovincesss-s26 222 sss eeeeee oe see 46 
Mhrei@oastalyblaimpsseer sect e se wets Haws sed ce eee oe 48 
Plaine of the Mranssbecesibroyance 24-222. -424-- 8. -222.-.5 . 50 
IN NG Cheb Me Me Sen So pddaS se sean HES Sano See eee eee ee ee 51 
FLV DES OL StRCAl Seems meee Mets ee AeA cee oa nee Sees sea Suals 51 
Minectionvor fo Weseee eee Aye eee So ain cio Satnn Poec aacee nnn 52 
Classification of the drainage system._.-......------------+-------- 53 
Resumé ofthednramace sVstemeaseenee ere ar ceee sees - a= sees ose 56 

Parr II. GroGRAPHY OF THE BLACK AND GRAND PRAIRIES AND Cross TIMBERS 
(@HASie CENTRAT MER OVINE) iam eee met estejseie mene cine we oc ieisioismiceieewisierai 59 
Relationstan dysoils sae seme stem cers se eae eee aise = ces ene cc Sein cwiseccen eee 59 
IBelisoiscOUMbLyamemre meee aeeee eeecure ees ae cise sees ce soe eee 62 
ANG TRB, be eadas dosGUSSS SC SOUT ee eS Seen eC nee eae eee 63 
ih ekdradina germane se semctne cise oe ooo a se eew ese owe ceecc acess 64 
heyblackwerairi/e| suo provin Cemeee esac seams nee oes oa = = ie aren sede 65 
Relations. soilsvandydrainagesserms se esses 22 te Se ceca cic = 65 
Subdivisionstotmties blacks brairieeaee mares asec =. c)s6e5 Seeeee ee 66 
Inliers of the Black Prairie within the Atlantic Timber Belt. ---- 67 
Hasbermemarcin al praimlesperme er eye te(s aes == siaicieieie = sisi 67 
Nenylloye JERE NINOS 6 5 oS ees be geo a ee SCE eee ean era ne 67 


8 CONTENTS. 


Part II. GroGRAPHY OF THE BLACK AND GRAND PRAIRIES AND Cross TIMBERS 
(East-CentraL Proyvryce)—Continued. 
The Black Prairie Subprovince—Continued. 
Subdivisions of the Black Prairie—Continued. 


White: Rock Prairie: ...- Aaa5s5 eee eee eee ee 

Eaple Ford Prairie 3:05 eee eee eee eee eee 

The Eastern: Cross. ‘Limbers!! 22252 23ee eee eee 
Character: relations amd excte rate eee ee 
Tron Ore Knobss.2 22. eis2o- 2 oo ea ee eee 
Economic features: ssc. 5225 ee ee ee ee 
Theil Grand sPrainie Sul pro vac chasse ee 
General characten’and! relations see eee 
Subdivisions(otthetG rand Praise ee 
Red Riversubdivision( 2! 225 es ee ee eee a 
Grayson district (3.25.35. soe see a a eee 

Mires Miata Mexasisullo dilivasi ores =e sere ee ea 
Generalicharacter and extent. eee ae eee 
North=south Jbelits: i... 0-2 2 oe e eee eee 

Gainesville, Prainie.s..22: 223 eee eee 

Bosqueville, Prairie - 4 2202-22 seee eee ee eee 

Hort Worth Prairies 22-6 oe ee a 

Lampasas’ Cut Plain. 2.2) Ses f ose eee eee eee eee 
Character/and)relations S255 = see ee eee 

Subdtyistons <_< 22.6562 ee 

Walnut. Prairie: . 2.2 eee ee eee 

Wiestern!(Cross him bers == ese e a ae 

Paluxy, Cross Cimber sss==== eee aoe ae 

Glen Rose Prairie =e eee 

Résumé 24. jase ais ees Ae lee he Se ee 
Parr III. Gxronogy or THE BLACK AND GRAND PRATIRIES...._.--.--------- 
Basement rocks of the Black and Grand prairies........------------ oe 
AZOIC.TOCKS) 253522 Gis e cc econ Sees 26 6 Soc 4 eee 
Paleozoicisedimentarys LOCKS = asset a= 2 >See eee ee eee 
Gamibriannocks| 5s 22)3 te Soe ee 2 ts ee ee 
Silurian rocks 92 oi see one Oe 
Ordoviciantor Lower Silurian rocks) 5242 ees eee eee 

Wipper! Silurian! rocks 2 sn se oe. 6 a oe ee eee ae 
Carboniferous and Permo-Triassic rocks_.......------------=--- 

Extent, subdivisions, and general relations -..-...---------- 
Occurrenceniparallelhbelis ===> = 2 =o e =e see eee 

Ouachita belt. 425 .4:8oe.-. a: Se ee Oe 

Muscogeerbelt) .s8 22. 82. se... Sols Bee eee 

Néosho'belt*o8 0.) s90 so eee 

Avapaho belo... ss 2s sicu2 222 so Semen Sone Se eee eee 

‘Canadian beltioocc 2 stat hee ae cee see ee eee oe eee 
CarboniferousHonmations\|=2eesee eee ee eee eee ee eee 

Smithwick district! 222: 22s. eee see eee eee 

Marble Hallsihimestoneieer sees =a s=2 ===. === 

Colorado districts tase. 22 sete eee ee eee 

Basal (limestones =e eeeee ease ee oer ee eee 

Richland! divisioniitesce. see see eee eee eee 

Milburn bedss228 228 sa. oe see eee eee 

IBrOWIWOOd CIVISIONe == see = = See ene eee 

Wealdrip division: 232" se poe ee ae 


Coleman division: 522 2S. se one ee eee 


a 


~ 
Se ae el on 


on 


ol 


Sr Safsaf cay Say Se Sap ce 
Ho 


or 


CONTENTS. 


Part IIT. GEoLoGy OF THE BLACK AND GRAND PRAIRIES—Continued. 
Basement rocks of the Black and Grand prairies—Continued. 
Paleozoic sedimentary rocks—Continued. 
Carboniferous and Permo-Triassic rocks—Continued. 
Carboniferous formations—Continued. 

Ral Oseinitoidistrichaseeese nena em eee ee ee ere 

Carboniferous rocks of the northern border region- ----- 

Rermo-Caroonilenous stlataleeeeeeee nee see eeee eee eee 

RermosmrrassicuRedebsed Sean ae eet eee ae 

ldxquers Hal Koll CUNISHONNE| — Soon eon eos acescoadebeeaeaee 

eT eee Serna arate: ee esysay petit Ase ety Cy re ay SRY re 


hhierlleged Min acsicwaeae hasan eee oe eee 

Summary of the history of the Paleozoic era ...--...----------- 
Tabulated résumé of the Paleozoic formations.........-..-..---- 
Cretaceous nocksier Stee arene meee eee en Ee ce Ae eee eee tes 
lintrodwetonyastatem ete aes eee eee emt ary ao ee ae eee 
Generalroccurrenceranderelationsmeseeeeeeeees seen nee eases eee eee 
Characternandioniginrotthemockse eae mere reer area eee 
Successlonolthe nockasews senna mee cere Ste tee eee 
Classificationtoftheirockseeeeeaerenaner nena a2 2. so eee cee enrece 
Nomen Cla tire} See tee ear MP ee ote oto cial oo cams oe 
elects ioteanlyaclassiticatlouwee =a =eeaeere sae aes ee ener eres 
Refinementiof tmemomenclatunesassne. 2. -5-5----52- 42555. 
ihinee|ibypical peneralisechlOnseseeeee cease esas ce ss2- 2 222 os oes ea 
Dentsony (Redp Riven) sechloneeemaneee saree soca - = seen eee ee 
IRovay \N/ontidal (Aiananiiny IIe) SCHON. 556 sob aenoesencosoesscuso= 
Acuistiny (Coloradoskiver SeCulOnmea sae meee meee 2.5 =a eee 
Lower Cretaceous—Comanche series...........-------------------- 
Mivisionsiand| themsalientwteaturesjss— esses) 2-22 ee eee 

i, Arinitive CiviSione enemy emanates oan yok Me EAI 
Character and general occurrence.-......-.---------------- 
SUbGiviSion span aerate ee a ce tee erties © Soo Re mS 


Charactenanderelations=s =e esas ease sere ea seen ae 
SIXCUIGIE 5 soc sda be SCS e RD ree Een Ae eee ae ee 
Section near mouth of Hickory Creek.--..-.--.---- 

SWehiom Ot JHosty MilowwanhU Sos oso secee -secoreesueuse 
Ditferencenmeagelol panthers soe -ee cece eee ae a - 

AG DSCUCOM ORIN A OME yaa meee Sates eS cee 
Mravisueeakstonmatl oneness a sere mee eee eee eee ciccae sos. 
Occurnencerandacomiposithionmeny sea Se 
SeCulon Ab ISlIG worn; ONS 4 ob oiacocs onc ase cues daeoeene 
Subdivisions semester teaser ee te Saco cme es ck 
SywCnmonre cei! Booséooene 3 Rosse se Ep eeSneSSeeeee 
Cows@reckshed sheer eee eee es ost wes aw cess 
Henselltsands eases meee neeare sce s ac i= ate cise ace 
Glen¥Rosesonmationweree nae asemeee ee cea arae a ciciccee Sse 
Lithologic and stratigraphic characters_-_-------------- 
Bicono mm cHeatunesmeeme mame e tas ce se ese oie emenee 
Localities and general occurrence...--.----------------- 
Western border belt of outcrops -.---..------------ 


ja) fet pe eet 
co 0 © Oo OO 
Hr Or WD 


136 


2] 


10 CONTENTS. 


Part III. Grotocy of THE BLACK AND GRAND PRAIRIES—Continued. 
Cretaceous rocks—Continued. 
Lower Cretaceous—Comanche series—Continued. 
Trinity division—Continued. 
Glen Rose formation—Continued. 

Localities and general occurrence—Continued. 
Inliers/of Wanipasas Cute laimee esse 

Detailed stratigraphic!sectionssss=s=—=ssee sees ee eee eres 
GranlbuisysSeCtlo nee eee a 
Colorado) sectiont 232 tse at eee ere ee 


Paleontology si22))2225 ee See eo eee ee ee eee 
Paluxy: formation: 5.) 4a 5560.22 Soe ee ee eee 
Character‘and: cccurrence= = sess s-eeee eee 
Basement sands along western border region ....---------- 
Extent seni... cole tenho pene eee Eee 
Mopograp hic aspeCts yas = =a ae 
Thiekness.i22.7 2.002 Lasse eee eee ee eee eee Roe 
Contacts! S22. 20h... 3c) 52 oe ee eee 
Variations and details of composition ---.......-------- 
Section at Twin Sisters Peak, Lampasas County. ---- 

Section at Twin Mountain, Erath County ..---..---- 

Section at Hiner, Parker County -.--------------:- 

Profile section, Millsap to Weatherford -.---.------ 
SectionsatiwWeathertord 225-55 — =e 
Antlers'sandsws,..2eeclo. 2.2 22). eee eee 
Relation to Paluxy and underlying sands -__------- 
Sectioniat, Decatur: 6252-2. eee eee 
Character of the formation north of Decatur. .---.-- 

Antlers sands in Indian Territory. -.--...----------- 

Section of Denison artesian well .-----------.------ 
Iniliersiot-Mamipasas| Cut Plain 222) asses ees ae eee 
Remnantal areas in the Central Province ..-..--------- 
Hredericksburgydivi gious eee ae ne san eee 
Generalicharacterjandirelationsia:= += 25a 
Subdivisions 2: fasses poet aks <2) ace teeeee eee 
Nomenclature ss 45.5 94: soe2 5 os. ke eee eee 
Variations mini tin ¢ kan GSS ence aa ee eee eee 
Topographiy (22 =... pee eee. 2s ae a ae eee 
Generalsections} 2320 SS ssn—2 seen ee eee eee eee 
Walnut formation - 9-6 ee = oe ee eee eee 
General character and composition --.--.-------------- 
Section im’Bosque Vallleyaeee eee ee 
Relationsandvanealidistiioutlorml sss ee 
Section 4 miles south of Colorado River...-.--.-.------ 
Sectionat Shovel@Mlowmita na = ee 
Character outside Black and Grand prairies --.--------- 
Comanche Peak and Edwards formations --_-.....-.-------- 
Extent, importance, and thickness. .----...------------ 
Goodland! limestones: = == esse ese Bee eee ee eee 


CONTENTS. WAL 


\ 
Part III. Gronoay or THE BLAck AND GRAND PRAIRIES—Ccntinued. 
Cretaceous rocks—Continued. 
Lower Cretaceous—Comanche series—Continued. 
Fredericksburg division—Continued. 


Comanche Peak and Edwards formations—Continued. Page. 
ComanchesReakalimestone ee ee eer een eee 223 
Relation to Goodland and Edwards limestones - -.-- 22; 
Character and details of occurrence.........--.---- 224 
Paleontology aeeaate eee see eres epee eos = 226 
Gard seliin CSCO eee eer eae er tpn ee 227 
Relationstanduconmpositlon sees asses ane eeen eee 227 
Occurrence ofsflintsS=aeere assem eee eee renee 228 
iReculiarsalterationyeseecemace nenae see eee Sees 229 
Economic features.....- Es pt 229 
Relteteteat ines see rsars oes ak oye ree ee 229 
Contacts hea ee eee Seer cised eee yey eee 230 
Occurrencesandedistributlonmees.- oe noe eee eee eee ee 231 
Detalsvotistravienalp yess eee aes eae ae 231 
Composite section at Austin, Texas...........- 232 
Composite section near Georgetown, Texas. ---- 235 
Morgner Hal Waren .~. 255 Jee seosceessec tees 237 
Paleontology eesti ete seen cance ee eee as aie 239 
Wiashitadivisl One-tmeseapree ner merne ee See Fn cioccemce’ 240 
Generalifeatunestanderelatlonsme meses wise 2. ee oe eee 240, 
Variations in thickness and in sedimentation...........-.-- 241 
Originalshorepline were sere ese oe oe acto ae oe Sean 242 
General ccurnen Com eer eee ee Sore oc 8 a eas ee st 2 242 
Classification and variation of the formations..._......-._-- 244 
IRedARIVETISeC HONS te eerste sea da eels Sac cusine ere eer 246 
ADO NUECONON, -Sae sea asc CO ee ae a 247 
Broaden paleontolopicheaturest=ssare ses seer tenets see 250 
h Preston bed see ee ee amet ee ay EN ee ae 252 
IK ananitlane Langeweeeae Cees ee crate. a eat a cog el Ble ae 252 
Chanactenandkextentiern sae eee = eee aise es ae 252 

Section of Duck Creek Bluff (upper Kiamitia and 
lower Ducka Creeks) Ws je seep ee anes sane 254 
WetallsrowoutcrGpms-c se oer eee sees eee acile 254 
PALE OMUCOLO RV gree mes pce twee see sas. inlet ie = 256 
Ducka @reckstormatlonpeeeney yee aoe ee ets eee a Soe 257 
;eneral character and teatures).----.---2-0-.<2--<- 257 
Paleontologieweatunes tess ees aes seis ee ee iene 258 
(OWOMIAO NGL: oe Cee oS One Ee OEE Eee Caen ee 258 
ANA VOMIO HOMMITEINON Bos5o5 62505 Seeeun sees soe Se See SS oeane 259 
Wefinitionfandseneral character! 2222222 --2------------- 259 
(Charactenishicnossllmonmch aera see seeps ee 260 
Ayo localltinnas Ione WWONH Ne 6456 ses oo oebac se ses euoaee 260 
iH Xteniqala dedi stn wblomsne seer eee aeons acme es clean cal 260 
Georgzetowmstonmatlonee eee sean Sas mee ieee ac cic sclelow -iein/ni- 262 
Lithologic changes in Fort Worth formation southward. 262 
General occurrence of Georgetown limestone...--.----- 262 
Me GEOL CLO UME SC CLO Melee te ere eral ste ite ora alsin) aciaraiainte 263 
PaleOntolo nye oe Me ree eee a tenn e te enisacieceee« 263 
Occuunencesatesustine se cos see ss oe hess eeie emcee 264 


Detailed section of Georgetown formation at Austin. 265 


LY CONTENTS. 


Part III. Grotocy or THE BLACK AND GRAND PRATRIES—Continued. 
Cretaceous rocks—Continued. 
Lower Cretaceous—Comanche series—Continued. 
Washita division—Continued. 
Denison beds... 302042255 -Sbtese ae eee eee eee 
Character/and!nomenc] ance 
Three subgroups’). asset ee ar eee eee eee eee ee 
Section of Denison beds at Browns Ferry, on Red 
River,; Cooke! Counttyaesene ese eee eee 
Section on Denton Creek, Denton County.--------- 
The individualsbedsiontormationsees=s=ees= esse e ane 
Denton subgroulpmtes-secer see eee eee eee 
Gervalliopsisibeds is: semana sere eae ee aeeee ae 
Horizonof Gryphxa washitaensis with O. carinata- 
Distributionyandioceurtences=se = eee sas = ae 
IWienolsubeToUp see eee are eee eee OSes eect 
Characteriot beds/ateDentsoneeeseeeeee eee eaene 
Section of Weno beds at Clear Creek, Denton 
County (ect ascsse eee eee aces eae 
Partial section of Denison beds on Pilot road 
eastiof ‘Gainesvillesss.seeeeeeee seen oe eeeee 
Quarry: limestone == sean eee enen eee eee 
Pawpaw beds ...-....-- Le ee eee eee eters 
Section of Main Street limestone and Paw- 
paw beds on Big Mineral Creek --------- 
Section of Pawpaw formation at Clear Creek, 
DentoniCounty4-5—- eee eee eee 


Section in bluffs of Trinity River, 4 miles east. 


Of Ront!Worth: 22323 e eee eee 
Pottsborosubsroupees------- eee eee ee eee 
Divisions, character, and occurrence ------.----- 

Mam street estone= ee eee eeeeee eee eee 

Section of Main Street limestone and Gray- 

son marl at bridge on Choctaw Creek, 

Denisov ee Soe. See one 

Section on Rock Creek, Grayson County --- 

Section 6 miles east of Fort Worth.-------- 
Paleontologicitieatires!=2--— sees seeee eee eee 

Del Riowlayisceasocc oo ae tek = see eee eee 
General occurrence and character-.--.----- 
Paleontology and fossil horizons----------- 

Section of Del Rio clay west of Ross station. 
Detailsotoecurrencesesee ees see eeeee ee 

Grayson marl'ss 222 cheer ana eae eee 
Character, relations, and distribution ~~~ --- 

Sectionion Hn @reeke seers ees aes 

Buda (Shoal Creek) limestone of southern section ..-.------- 
Relations, stratification, and microscopic structure... --- 
Details of occurrence, paleontology, and thickness. ----- 
Summary and correlation of the Washita division -.....---- 
Broad variation in lithologic characters ....--..-.------ 
Correlation of fossil horizons of Austin and Red River 
sections... ts atc DNS cee om peeiae eee ere sens 


281 
281 
282 
283 
283 
283 


bo bo bo 
o) 
ioe} 


bo bo 
© oO 
oo 


CONTENTS. 13 


\ = 5 
Parr III. Grotocy or THe Buack AND GRAND PRAIRIES—Continued. 


Cretaceous rocks—Continued. Page. 
Wipperi Cretaceous —Gulliseriest= "pana on ee teeraee sees sce ce eee 292 
MD VASTON Ste seer ee ee ee eee PT oe a 292 
Relation stolextraterritonaltormatlonsjesse-—e nese aseeee = 222 =— 293 
Woodbine Torna tio. = 82sec ae ee ees eeepc ctne Sia 293 
Nomen Claturesac a2 Ss eee ee eee nee eee See eee ee 293 
Character and composition of the rocks --.....-.-.--------- 294. 
Iron ore knobs and siliceous ironstone .--.-.-.-------------- 295 
Relations amd whittle CSsetee avs see sem ae eterna ate ore 296 
Classificationpimiboysib sro lias ieee eee ee eae 296 
Hxtentrandidetailstor occurrences = see seaeee eens oe eee 298 
SECHON SOwUelorcort Olorelic Sjoravore Weyl ooo soe nosascosceeassece 301 
MOCkMEOKdUseChio Mm tee nee Mercere eens ace eeeeene 302 
Mesterssan ds. Ase See se eee a ee oe ae Seek ee eS 302 
General character and lithologic features. .--....------- 302 
Confusion concerning the exact nature of the beds--.-.- 303 
Hxtentrand detailsiomoccumrence) messes. 42-42 25 305 

Partial section at Cedar Mills, Grayson County--------- 307 

Wbewas ville eds mace mp er nemene ren ce oe See ays 308 
Characterandkcompositloneesrererscsere sce ee 308 
Description, by Taff, of typical section at Timber Creek. 309 
Cottonwood Creek section, northwest of Hillsboro. ----- 310 
Distributionvanduaccunrencemeemarr ee sess es. sae 311 

Section in bank of Iron Ore Creek, Grayson County --.. 313 
Paleontolos yor ood bine mormabl ones ss sess ee a. 2 2s 313 
Reportsioyaeno teukeglelehen Oy ltonl eee se saa 314 
Relation of Woodbine formation to Dakota epoch. ..-------- 318 


The term ‘‘Dakota,”’ its origin, definition, and application 318 
Reasons why the Woodbine formation is considered to 


occupy the Dakota time position ....-.-------------- 322 
b Bagley Bord tonm atl ome eerie eee ane ate ee ane ee ae eee 323 
General character and lithologic composition. .------------- 323 
GeneralRoceunnence spears rece icis\e easiness see 323 
SGoHom fic Snemangin, Wess. s25a5ssoegegssssescososasesasse 326 
Variation of the formation southward .-...........--.------ 326 
PaleontologyroimbaclesHordsbedsmes ssceere ss aee sees] sees =e 328 
Pca Stiiay Chal) keene ene Sater nee So Wee maa Sess sees Ee scine.s 329 
General character and lithologic composition. ...----------- 329 
Relations to the overlying and underlying formations. - - ---- 330 
Distribution, thickness, and paleontology ..---------------- 33 
aor OLIA tl One eee na eae ete oso See < ceae 5 2 5. 336 
Unconsolidated character of Upper Cretaceous -...--------- 336 
General features and thickness of Taylor formation -.-- ----- 336 
PAM ally SesrOtedlany Onn ail Speeree eee same ee ay oS eee a 307 
NENWEISRO WON NO S55 obo ood eee ee pe Qe See ceo See ae nee ee ae aaa 338 
General character, relations, and variations _......--------- 338 
Previouslabiemmptsiat Classiticatloni= se s2--4--4-—-- 2-25-22. 3389 
Distnibutionvandkoccumnencess senate see es. eos. see eee ona 339 
SaloohivusMonas| Ot Waves norGOMERNKONN — 225 Ao oe gees eeee sesossonnoor 340 
IBIRO WMS ONY [OK 23 Ue Roa s aes ee ee ae eee ees anacee 340 
IROOM NSCS) SE eke eeeoos ese Rese eee ae nen secs 340 


Aso@nG) -@ogille ees SSSR eS Be a ee ee ee Se 340 


14 CONTENTS. 


Parr III. GroLtocy or THE Buack AND GRAND PRAIRIES—Continued. 
Cretaceous rocks—Continued. 
Upper Cretaceous—Gulf series—Continued. 
Navarro formation—Continued. 

Subdivisions of the formation—Continued. 

Washingtom bedsss 22a. Sone aoe eee eee eee eee 

Arkadelphia beds) 32. 3920S eee eee eee 

Difficulties of correlation south of Red River........-..---- 

Corsicana béds’..1 =< 68 Bae eee eee 

Kemp: clay...c20. 5586 See tee eee eee 

Webberville beds of the Colorado section .......-...--- 

Surficial and alluvial deposits of Black Prairie and Grand Prairie regions- 

Origin and distribution of alluvial deposits .........-.....--.------- 

Upland alluvium, second bottoms, flood plains, and wash... ---- 

Uplandjalluviumyot Uvaldettypemeasseeeee eee eee e eee eee 

Uvaldetionrmation:2. 9.5 Se See eae ee eee 

Hecond=bokboma Lornr1 a tOTS eye 

Material of second-bottom alluvial formations -......--. 

Second-bottom formations an index to denudation of the 

Central Province: ..5.222 seen ee eee eee eee 

Terrace formations along three parallel north-south lines 

Asylum terrace at Austin and similar terraces elsewhere. 


Nerracestot lower alluyiumees aeeese eee ee 

Alluvial deposits along eastern border of Black Prairie. - 

Detalstof occurrence =- saeee eee eee eee eee 

Résumé of alluvial phenomena along Tertiary-Cretaceous parting -- - - 
Summanygandiconcltisions! sss... == - sess eee eee ee 
Igneous TOCkSis. Aa5 sme ol steel eed sels See eee Ree eee 
Geologic structure... - 2 s42205..cbcc-h-. tess) oe eee eee 
hreetereatistructuralieroups Ol Ocks =. 262 -)== eee a eee 
Paleozoicibasement: <=. 52202. 22 520.4e eee eee 
Wichita) paleoplain.j= =. 525.3. 055,43 eee eee 

Restoration of the configuration of the paleoplain- - ----- 

Structure of Paleozoic basement of Wichita paleoplain. - 
Cretaceousiformations 329-222-224 5 coe ee eee 
General arrancemention the mocks= =e eee eee eee eee 
Threeistructuralicharacteristicss- -=- a-ee see ee eee 

Variations in thickness and composition of strata_.----- 

Extent and limitation of the embed .......----.--- 

Composition and thickness of Trinity division. ----- 

Strikerand dip yseerst Sey eee. a eee 

Table showing dip along various cross sections ~~~ -- 

Apparent divergent dips of conformable strata in the 

same cross section owing to increment -.--------- 

Rate of increase in thickness of Glen Rose beds. 

Displacement. 2.25 32553 Noss Sees Oe ee 
Balcones/taultizoness s-- ae) ae eee eee 

Red jiverfaulltizone = se. eae eee eee 

Conclusions 22 eee eee eee as eee ee eee 

Part TV. ARTESIAN WATERS OF THE BLACK AND GRAND PRAIRIES. -------.--- 


Principles governing underground water 2--22 25-22-6252 sse esos eee ae 
Raintallithesouncevotantesiamt water = see see ee ete 


oo 
lo’ 2) 
ON 


0 wo 
oO OO 
ao J ~I 


CONTENTS. 15 
\ 
Parr IV. ARTESIAN WATERS OF THR BLACK AND GRAND PRAIRIES—Continued. 
Principles governing underground water—Continued. 
Geologic factors bearing upon the distribution of earth water—Cont’d. Page. 


Capacity of rocks for absorbing water --..--.----------:-------- 389 
INO, OH WENGE WoO MOCKS - csaesodoseseoceecccsaoecesseceus 391 
Influence of stratification on the distribution of underground water. 391 
Direct and artesian drainage of strata ........-..--------------- 391 
Artesianwellsidetinedi aa. sass os aeec eset eae aes oe 393 
Imfluencerotreliet onartesianysupply sss seeseeee ee eeee eee tees 393 
AT tesian=wellusystems! OL LEXaS) a= sscueecee cece eee nee eee ee eee 394 
Regions in which artesian conditions are unfavorable.---.......----- 395 
Artesian-well systems of the Texas Coastal Plain..........--...----- 397 
Coadstierainielsystemy 2) secen casera cose eae nae cee ees 401 
Mallettsvilllersysteml oo scneet isaac eee eee Sere ore.) es eee 408 
Warnizorsy Stems seemed eset ene ee a eae ee aot eee 411 
Artesian wells of the Black and Grand prairies ...-..-..-.---.-- 415 
Notes on history and occurrence of artesian wells -......---- 415 
he rantesianusystemspete soe eee eee eae 2 la nana 417 
Capacity of the various Cretaceous rock sheets for water. 418 
The Cretaceous artesian reservoirs -........---------..- 420 
Availability of underground-water reservoirs of Black 
EwaGl CrewoGl HIMES coc ecsans beaten sesoouaBEseese 421 
riniiby¢neseuVviOMseer essa cee ane ee 5 6. </ea,2 552 5 Ss 425 
IR tevin Pal) COS Pee eee sae sare ace ee ae 427 
Areas of obtainable flow from the Trinity reser- 
VOUS Sete ce eto done SA tA Cen Re See ee ae eee 427 
Areas of shallow flowing wells in incised valleys 
Ohelampasas| Cub elaine ees = see eee 428 
Flowing wells in valleys of Bosque River between 
WuttanandevalleysVillst= 9 sss. 452 eee 430 
5 Area of possible artesian flow on Red River.... 433 
Eastern district of deep flowing wells from reser- 
Wow? Or Walaniny CbhywRHOMN 55. oteesesosecdossss= 433 
Glen@RosemesenyOln= Seee ecm eects Sees asad Nee = = 434 
: PallUsxsVANCSCLV OWS meme nis oeise as 2) mein suae ease 434 
Mnedeniceksbunpyresenvolyee=sereee sane sees cease el 439 
Wioodlbinemesenvoirse= 32-22 o55-sc2 22225552 - 2% 39 
Bedsiandrcatchmentiarease--ss2s4- 425s 2-5. oe 439 
IM vitae WOU) ceceuace se EESeCeeeSseene ss ae eam 441 
Areas of flowing and nonflowing wells -.----.-- 442 
Deeper flowing wells of eastern district--------- 445 
Remmeliltmese ny Oles epee eerie ae ec sles cise we =e 447 
Chemical qualities of the artesian waters -.-.-...--.--...----.-------... 447 
Amalivsesvorartesiamuwalerserr seein ee ose co ese soos cls sao cen 448 
Part VY. ARTESIAN CONDITIONS OF THE BLACK AND GRAND PRAIRIES, BY 
COUWINTUES rrsislatsteera cia stern eee ee nae ae awe Secwioe Gene a PREM Wha 452 
Classification of the counties according to artesian conditions ._.--..----- 452 
Western counties lying within the Grand Prairie and the Lampasas Cut 
IDEM -ocesocascadenoSeS cond COREE T Eee Uae ee eat 453 
Wise COmihtiy -b5665566 Shoes CoRR Ree a= ee ee 454 
letdiaeye COWINAY C3 6co5o¢5 5640S Roe oe Se oa ee ese 455 
1@OC! COUIKY Sacckewd Sct RU CeS ABE Ge aC eee eee eee ers Serre 457 
Te URC OU epee Pet Pre sara tals aleve sictoraie «ciclo aoe Siaieoarn ee 461 
dasa) Cloyuchiiy co oae tke 24 Soe ere re ee eS ee ee 465 


Comanch ey Count yao eee sore 14 55.0.2 ain ja wre ein els re ern 466 


16 CONTENTS. 


Parr V. ARTESIAN CONDITIONS OF THE BLACK AND GRAND PRAIRIES, BY 
counTIes—Continued. 

Western counties lying within the Grand Prairie and the Lampasas Cut 
Plain—Continued. 

Brown County ... ob s.020Ssthsese 32 eee eee ee ee eee 

Mills: County... - ....3...0: fosseesec aoe See eee eee eee eee 

Hamilton ‘County: <2 522 kee aa ee ee ee 

Lampasas County Jh...¢2 20255 ee eee 

Burnet: County 2.2: 22.002 be ace eee 

Counties of the maaimyaijtesieamy |e) trees ae eae 

Counties’sonthrotithe Brazos lees = sea =e 

Somervellli@o tunity soe ee Pe Sala tA 

Geology: 22.2526 2 eee ee ee ee ee 

Development) 2. 22s eset en See ee 

Uses:of water a. 4-2 k3 Seen eee A ne ee 

Bosque Counts. 2.~ 1.5.22. becom oee ee See eee eer eee ee 

Geol0gy n6.6 osc. cc Gk See eee 

Water conditions... 2s: 28 55e— en ae eee ee 

Aan aoilittyee so ae See ee Sed i Iso ek ae ee ee 

Development)... 2.2... cs nee ee ee ee 

Wells from the! Palusysreser vols se =a 

Wiellsifron the Drimity reser volcan eee 


GeolO Py re 5 js se ie eis oo ee LEI SE ES 
Wratericomditions' 2... 2425) oc): sae oe ee eee ee 
Wells from the Fredericksburg reservoir _._.--------------- 
Wiellsironaithe Tnintity: resecvolis===se=e === === ee 
Walhiamsoni@oumty:. <22< 226. 26 dono eee ee 
Geology ® 326s. ™ 8.4 cbs ar 
Development 
Belll(Coumty as < esac. 2b 55230 aa ye ee 
Mevelopment)o-- <3 55255¢.a0.cee ye ee eee eee 
Shallow wells of the San Antonio and Glen Rose systems. --- 
Well stironiithesMrinitivareseryoins2 == =e eee 
Melennani@oumibye seas ne es eo ee 
Developments s24 3.455.266 os a= te ee eee 
Probable wells of the Woodibime system -...-._._-..._2__2=- 
Wells from the Fredericksburg, Paluxy, and Glen Rose reser- 
MOINS), Space Sete see Sras aes erg OS oe 


EM Coumty-e- (> 8s = See en ee one ne ee 
Development = 2 94G.3 455. Sa eet sees See eee 
Wells from the Woodbine reservoir--...-.-:--------------- 
Miellstiromyt her Pa lursyame Se 1ay 010s s see ne 
Wrelistiromithe inmilty. reservoirs a= a= renee 

Johnson County. ---- ee a eee Boek Se oka Soc 
Development) a22)4 = shee Sees eee eee ee 


Red River counties 


21 GEOL, PT T—O1 


CONTENTS, 


V. ARTESIAN CONDITIONS OF THE BLACK AND GRAND PRAIRIES, BY 
countres—Continued. 

Counties of the main artesian belt—Continued. 
Counties north of the Brazos—Continued. 


Johnson County—Continued. 
Wrellscof thesWoodbine/systemisa==-— sesso sae seen eae 
WHelision thevPalixyasy Sten ise eee eee sees 2 oars 
Mellsvotithelnmityisvstemleese sae see eee eee ee 

RAGLAN C OUND reese ci ikea ne hee arate aye eae ean eS Seats a 
Developments sa S228 shea. case ee ee ee oe 
Artesian wells of the Woodbine system _....-..------------ 
Nie llsriombitheme alii nesenvOlnee ee saer eae een sees 


Developmcntperre mere ear e ok clr att Sees eee 
Wells from the Woodbine reservoir -...-.----------------- 
Wiellsitromiithesealltimyreservoln=ss- 2255-52-42 --222 5-55 oe= 
Wells from’ the Mrimity, reservoirs.----2-------------------- 
Cooke; Count vesser meme ere eer ar Se ce ss chen ates 
GeolOs yA aes re ers os eSieieie cities fas cice se 2 ee ect 
Wevelopimentissseeeamt ene ena sa Sees sel 
Wiellslof thepRalumssyasstemlerey see see eee seen ee 
Nellistino mont hie iirinitvanesenyOliseeess= anes eee a 
DallasiCounty. easement ee ese. 2 ol eee 
lise County soe cee eee sectors ot Saeko ceseaocee ees 
Graysons County se Pee een tree ease eters fet ect ane 
CO e A ARE dc anaccnab sneer Ses ae eee eae eee 
Development pease ese a se koe he 
Wells from the Woodbine reservoir ....--...-------------- 
Manian County 2-23 eee see ee Se le cet th Soe 
RedeRiver Countye see ee tras oe te Se Oe ok eee ee 
Ranniny Count yore erer rete Mame ee ect 2 8 tee see cee ee 
Collin: Coypioniyes ses szkceok See cbos aoe Ces Ree ae een Boerne aoe eee 


WAasternebOrGe;r COUNLICSh= are eerste So lee okie os coke See 


tetra © OU byte ore ae ae eR Se ia c icie'eiievtinne Scie oles 
AReariinn aay © Out ye eae ee eee tse es orl isis = Lh events 
EKA CODIM Ne cac cacdsnd cceab EEE eon OE oo Eee eee eee 
Ball siCountyse sae eee eat ay OS SS BPO NE 2): 
Iibiknaa Ooybi Nowa odccdanacohan Mees OSS er oe eee eae eee 


Areas of the counties of the Black and Grand prairies and altitudes therein - 
LUND Ge 2 Oe had hoc pee GOh: SSDS oe SEM ASS oan ee a 


2 


2) 
ess 


PuLate I. 


lui 


ILLUSTRATIONS. 


Naturalsprovuncesion the Mexas|resioni= semen] eee ernest eee e 
A, Hypsometric map of Texas region; B, Geologic map of Texas 
TSYE NOT cs ts ieee eh eae Me) Wins eae Pee REE lpn Si hye tae e a 


. A, Asummit of the Llano Estacado; B, Breaks of the LlanoKstacado. 


IV. Signal Park, a summit of the Callahan Divide, Mitchell County, 
GUESS Sick hes Shee eR ne SN emcees se ay Re ey OD SE GR 

VE wAaiaotntain in thew irans. ke cos @istclet a =scmme sass eee ene sea 

Vily -Avands3,) Wesertiplains, Mrangsbecosilexas- sons. 22222. eee 
WIL, Deri, Or Wave TNereis| eENON ee ee ose so code eH eauebseoee eases 
VIII. Colorado River, looking west from Mount Bonnel, Texas ---.----- 
IX. Fissure spring, Barton Creek, Austin, Texas..........-......-.-: 

X. The Black and Grand prairies and Eastern Cross Timbers of Texas 

adel diank Dl errit oly ee mare aes ee ere me see aa eee eee ne ae 

XG Drainageor the! BlackwandiGrandiprainiesesse--2 4--2-s5-2 52255625 
XII. Searps of the Lampasas Cut Plain, Burnet County, Texas....----- 
XIII. Summits of the Lampasas Cut Plain, Lampasas County -.--..-..-- 
XIV. View of the Burnet district, showing the margin of the Edwards 
Piateaucineth erdistancemere saree eee eee sae ~ aoe ae 

XY. Variation in thickness of the Cretaceous formations in the Texas 
MOTO Mp cle. i hahah ee POE ect netee Saeis fo a ase Laie ethers 

NGA Se hormation sy mibolsysaaremers essere tomer pea cis sissy nee en eels 
XVII. An outerop of the Del Rio clays, Shoal Creek, Austin, Texas, 
SOON ION? JOCRO CURE OP WAMUC) = 2 te Soo aaoodse pesSeeeEsbosceseese 

XVIII. Red River section of the Cretaceous formations, Grayson County, 
UE OAS ie 21 ote ee ae aR Mer er ete aia Walaa Ae Ste riers 

XIX. The Cretaceous formations in the Dallas-Weatherford section. ---- - 
XX. Columnar sections of the Cretaceous formations, Trayis County, 
LOC teem ehean sobs ab Abe oH Sen Oat S Bee en eee a neces 

XXI. Characteristic fossils of the Travis Park and Glen Rose formations. 
XXII. Glen Rose formation, bluffs of Mount Bonnel, west of Austin, 
RES ENS ee Oe CRESS OATS SIONS Ef are ee 

XXIII. Butte of the Glen Rose formation, Travis County, Texas......---- 
XXIV. Fossil fish from the base of the Glen Rose beds, Glen Rose, Texas. - - 
XXY. Characteristic fossils of the Glen Rose beds, Texas .......-------- 
XXVI. Fossil plants from the base of the Glen Rose formation, Glen Rose, 
UO esa Sasemnssacasoséeceuoss ease eeeeas em eee es Ao. 

XXVII. Characteristic fossils of the Walnut clays and Comanche Peak lime- 
SCO MC aren ere eRe ee ia tence cation else Sa oesiedteme vane 

XM VII. Edwards limestone, Barton Creek, Texas............---------:-- 
XXIX. Quarry in the Edwards limestone west of Austin, Texas.-.------- 
ROGER H int unomuuherMidwardsilimestome as... s2eesee ass. =e +2552 
XXXI. Flints in the Edwards limestone, bluff of the Colorado, Austin, 
UES sat sods donohon esd oHah Se AS es Se ee eee ener 

XXXII. Weathered Edwards limestone with characteristic fossils, Austin, 
NORA) 5 So sae neo Geese os See Ue BOE Ieee ee one ee ree ee L 

XX XIII. Characteristic fossils of the Edwards limestone ----...--.-.-------- 


20 


ILLUSTRATIONS. 


é Page. 
PLateE XXXIV. Gryphea corrugata breccia, Kiamitia formation, Denison, 
POKAS'. 2s LL ee eRe see eee 256 
XXXY. Fossils of the Washita division, Kiamitia and Duck Creek 
TOLMALIONS 2:22, haere cee eee ee oie ene 258 
XXXVI. Characteristic fossils of the lower Denison beds........_--- 272 
XXXVII. Characteristic fossils of the upper Denison beds........__-- 280 
XXXVIII. Evogyra arietina agglomerate near Round Rock, Texas. ----- 284 
XXXIX. Fossil plants from the Woodbine formation ...............- 316 
XL. Common fossils of the Eagle Ford formation ............--- 326 
XLI. Outerop of the Austin chalk, Onion Creek, Travis County, 
1 .<: Ee ae sn 6 Sa ae ORS OO Ane e os eee 328 
XLII. Bluff of the Austin chalk, Travis County, Texas...........- 330 
XLII. Outerop of the Austin chalk near Kounz, Texas.........--- 332 
XLIV. Characteristic fossils of the Austin chalk.....-.--.------_-- 334 
XLY. Characteristic fossils of the Austin chalk..-..--............ 336 
XLVI. Outerop of the Taylor marls, Colorado River, east of Austin, 
RESEAS) sc le = Ra a Sr oe ee ete ee eee 338 
XLVII. Characteristic fossils of the Taylor and Navarro formations... 340 
XLVIII. Characteristic fossils of the Taylor and Navarro formations... 342 
XLIX. Old alluvial material of Colorado River resting upon the 
Bdiwards limestones eA s Gina esxcc.s essen eee 346 
L. Upland gravel, Uvalde formation, south of Austin, Texas... 350 
LI. Faults in the Edwards limestone, Barton Creek, near Austin, 
Me aE ee Ma ISS de Sree oeneN 378 
eH anlisiandidisplacementsjses= = eeeeeeeeeneeeee eee eee 380 
LIII. Sections of the Cretaceous formations in the Edwards Plateau. 382 
LIV. Sections of the Cretaceous formations along the Callahan 
Dinid eee see eres casera <2 Se er ee ees 384 
LY. Artesian wells of Bosque County, Texas--...----......-.--- 480 
LVI. Artesian wells of Travis County, Texas .....--........----- 502 
LVIL, WellsiofBellt@Coumty,wlexase se: a ote reese ere eae 522 
LYIL. Wellsiof McWennantCountys Texas) =ss=-—sseeeeee eee eeeeee 532 
IGIGXe.. Well sim tah © onumtiya ill oxo re eee p48 
IX. SWellsiinyJiohnson\Countyaexasiee. 3-2 eee eee eeeee eee 5d8 
LXI. Typical wells of Larrant'County, Nexas)-=2222---2--2----—-=--= 566 
LX.) Special wellstiniTarranti@ounty, Dexashee- sa seease see see ae 570 
LXIII. Typical wells of Dallas County, Texas....--.-.-.-.---- Dee 596 
XIV. Wells of Ellis 'County,; Rexas = ss-- ae eae eee 608 
LXV. Topographic map of the Black Prairie and Grand Prairie 
regions of Texas and southern Indian Territory, including 
the Eastern and Western cross timbers......-------- Tn pocket. 
LXVI. Geologic map of the Black and Grand prairies of Texas. In pocket. 
LXVII. Profiles to illustrate section lines on Pl. LX VI .--.-.---- In pocket. 
LXVIII. Location and depth of the artesian wells of the Black Prairie 
and Grand Prairie regions of Texas -.......--.------ In pocket. 
LXIX. Catchment, embed, and availability of Trinity reservoirs. In pocket. 
LXX. Catchment, embed, and availability of Paluxy reservoir.. In pocket. 
LXXI. Catchment, embed, and availability of Woodbine reser- 
MOIR othe oo Sen ion Sat ee te eee ore In pocket. 
Fig. ole (Geologientormationsion lex Sie = sees epee eee 32 
2. Map showing density of population proportionate to geographic and 
geologi¢téatunesssa fe Yas en eee eee ee eee 61 
3. Ideal section of Grand Prairie, showing dip plains..-....---.------- 63 


Fia. 


ILLUSTRATIONS. 


Diagrammatic representation of a divide of the Lampasas Cut Plain_- 
Walcott’s figure of Packsaddle Mountain ©.--..--...--------------- 
Comparison of the Colorado River sections of the Carboniferous of 

Wari, Died, EnovoltO prvi Bass SOE a ee em oee odes 
Diagram showing change in nature of sediments of Glen Rose beds-- 
Transgressional Basement sands between Travis Peak and Post Moun- 

(ein, JeLebA OVEN nN karbbotinie Werte a oe eka ene Se oe eee aie 
Section of Post Mountain, Burnet County, Texas..........--------- 


. Section showing transgression of Basement sands and mergence of 


VAIMOUE) GEOG! SIEM ANON) WN) EWE) Hae Gocaas sce Booonadsoobouadeces 
ComancheyReak section asa ee eine Pee eee ee SS Ss eee 
Walnut, Paluxy, Glen Rose, and Trinity formations, Dublin, Texas- - 
Section of Bachelor Peak, Burnet County, Texas ........----------- 
Section of the Fredericksburg and Trinity divisions, Decatur, Texas. 
Section of Twin Peaks, Lampasas County, Texas.......-.-....----- 
Section of Twin Mountain, Erath County, Texas .__.-..-.....--.--.- 
SCHON abi luin CLAW NOsca sie mee ne thirteen ee Wy steyers| Leet Were cree oe 
Pronlerandssections\y\eatheriord.) Mexacsieeerees== 25 ese sees e eee 
Section of western escarpment of Grand Prairie, at St. Joe, Texas. -- 
Profile section north of Center Point, Arkansas ...................- 
HRransonesslon Ola alinuits cl aysieeee seer eneeree nisl a= aan 
Section of Round Mountain, Comanche County, Texas ------------- 
A butte near the Blanco-Travis county line, Texas....--.-...------- 
Section of Shovel Mountain, Burnet County, Texas..........------- 
Section at Marshalls Bluff on Red River, Texas ................---- 
Section of Fredericksburg and Trinity divisions, Blocker Creek, Cooke 

Countihexns aes haere mn ween ee aS ee eS 
Dip plains of Denison beds east of Gainesville, Texas_...-.--------- 
Comparison of Denison and Austin sections........---------------- 
Section of Washita division, Denison, Texas..............--..--.--- 
HoriaWiorth fonmation Ss HOnbVOLt Ow lexase =] see. os oes see see pee ae 
Geolosiesection)Denisonmelexcas marys eee = see ce 
SOOIOM Lip ions) WOAay, Wes oooussoceseoue Besaosoeceeooscoeee 
Alluvial deposits of the Black Prairie region ...............---.---- 
Cross section of the alluvial formations of the Colorado Valley, Travis 

Countyae Rex dd, 5 eee ae ee ee earners Ae <td Sop eat a Se sen 
Uncovered Wichita paleoplain, Ardmore, Indian Territory ._.-..---- 
Profile north and south across southern Indian Territory, showing 

coastward scarp of Wichita) paleoplain ---.---.-.....--.--.-+.---.- 
imibricationvolstratame reese ses ree eee see oe a Ncke ese ets eee 
Diagram showing original succession of deposition from the coast 

HOOTMON A WANRTL See Ge oos sco Se Scat U oae eee ee 
Comparison of Twin Mountain, Comanche Peak, and Waco sections, 

showing increment of Glen Rose beds ...........-.-------------- 
Slopelomsunfacerand diprofistratajm Jemiles 222-2244. 2---- 5-24-22 -- 
Section from Burnet to Manor, showing increment of beds of the Trin- 

AY ClIMENON 2 AaS Oey cubooe aaa ee See ee ee 
Diagram showing increment of Glen Rose formation along a section 

from Round Mountain, Blanco County, to Manor, Trayis County, 

TOSS ot scnonsSbhoscn oleae nee Bees eee ee eee ae 
Map showing artesian! districts ot Mexasi-----42-.-....--2--2-----.- 
Digeramvallustratime sequencelot stratal--- 2522.2 4-2-s2 22452 -ee- ce 
Wielka ra oalkcumme dics seep amey envi 0 lew as os ee 


21 


Page. 
80 
89 


96 
113} 


13 


135 


133 

151 
168 
169 
170 
180 
185 
185 
186 
194 
195 
202 
207 
210 
213 


218 


219 
243 
245 
246 
259 
267 
268 
346 


64. 
» -Antesiamimaapotmsella County. exe sierne =a eee 
. Logiofwelliat Belton Mexasio 22 Vis eee ese sae eee ere eae eee es 
. Artesianimapiot Melennan' County. exacts === sees eee 
» Hog: of well at nWiacom Lexas ees S52 2 oe eee ee ey a tee 
} Artesian maprorenlltCountya exes. =a eee ee 


cS SD 
> Ol 


BD HD 
© co nI 


ST NT STi Test 


or) 


EWES 


ILLUSTRATIONS. 


. Artesian reservoirs of Cretaceous formations (ideal presentation) -..- 
. Section of Johnsons Peak and artesian well, Iredell, Bosque County, 


N@KaS 2. 20k e S26 5 eee ee ee eee 


. Shallow well of the Texas Midland Railway at Terrell, Texas, show- 


ine details of the Navarro teseny.o Urs =e ee 


| Artesian map, of Parker Coutntye lex cies eee ere eee 
) Artesian map) of Hood Coumibys ele xcs meee enn eee eee 
2. “Well holéat ‘Cisco; Dexas see ea eee eg ee ee 


Artesian map of Somervell County, Texas.----.-..-.-__._-__-.-=_.. 
Axtesianmapyot Bosque: Cowniiy- wl exc s = 


. Artesian well at Clifton, Texas, showing details of Trinity reservoir-- 
. Artesian) meapyomConyell(@oumit yay exc spe eae 
. Section of J. F. Pruden’s well in the village of The Grove, Coryell 


County, Mexas s/s. oe stir eee ey ee 


. Amtesianmmap of lrayasiCoumitiy cel excise ee 
. Details of the Trinity division in the Natatorium well at Austin, 


PexaSts sa eed sche bets aes See ee ee ese 


. Artesian well at the Natatorium, Austin, Texas..................--- 
. Welliat Manor; Dexasiers <2 235452 Saeco ae oe ee eee 
. Artesian map of Williamson County, Texas -..-....--...-.....-.- 
63. 


Comparison of wells at Round Rock and Taylor, Texas, showing 
incompleteness of latter: 233-5. s555--<6 ee eee eee Cee ee 
Section across a portion of Williamson County (after Taff) --------.- 


Log of well at Hubbard, Hill County, Texas ---2-2222-22-----2_---- 


> Artesian map lof Johnsons Goumibiye Re xas =a eee ee 


Artesian map oti Cooke| County; lexas|=. == 2- = ee eee eee eee 
Wells'at Gainesville; Mexds meson ose eee ae eater 


. Figure showing depths of undeveloped Paluxy and Trinity reservoirs 


at Dallas; ‘Texas: Seea ee eee eo ae eee ees 


» Artesian maprol Grayson Countyawlexacse= === === == eee 
~ Logsiof wells im'Grayson! County. Wexashe===ees === =e 
9. Area north of Denison, Texas, in which flowing artesian wells can be 


obtained from the combined Paluxy and Trinity systems --------- 


». Well at Paris, Texas os 2. 22398422 see eee eee Eee 


GEOGRAPHY AND GEOLOGY OF THE BLACK AND 
GRAND PRAIRIES, TEXAS. 


By Rosert T. Hitt. 


LONGER OD UC LON: 


Area treated.—The Black and Grand prairies of Texas and south- 
ern Indian Territory comprise about 50,000 square miles (see PI. 
LXYV, in pocket)—an area equal to that of fifty of the quadrangles 

? . to) 
mapped and described by the United States Geological Survey in its 
Geologic Atlas of the United States. The accompanying eeneral eeo- 

t=) “ t=} te) 2 
logic map (Pl. LXVI, in pocket) is a condensed presentation of the 

bo) 9 
geology usually shown on that number of atlas sheets as published in 
folio form. Most of these quadrangles have been studied by the 

1 s , 
writer and his former assistants. 

Sources of data.—An entirely satisfactory presentation of these 
results is still impossible by reason of the lack of adequate maps. 
The topographic maps of the United States Geological Survey, which 
cover 24 of the 50 units of area, were made in the earlier years of the 
Survey and with a contour interval insufficient for the expression of 
the geology. For the remaining portion of the area it was necessary 

5 8 uy 
to use as a base the Land Office maps of the State of Texas. 

The conclusions herein presented, often condensed in a short para- 
graph, are founded upon a large amount of paleontologic, strati- 
graphic, and topographic data. The results, so far as they refer to 

irand prairies, are the outcome of studies made by the 

the Black and Grand prairies, are th teome of studies made by the 
writer since 1882, sometimes independently, sometimes with the assist- 
ance of the United States Geological Survey, and during two years in 
connection with the Texas Geological Survey. In times past he has 
ssis in this work by his former students, C. C. MeCulloch 

been assisted in thi k by his f tudents, C. C. McCulloch, 
now captain, U. S. A.; Messrs. Wilson T. Davidson and L. T. Dashiel; 
Mr. Joseph A. Taff, now of the United States Geological Survey; Dr. 
J. W. Stone, Mr. N. F. Drake, and Mr. G. H. Ragsdale. Inasmuch 
as the details which these gentlemem worked out were problems of 
the writer’s suggestion, he has incorporated them into this paper, and 
here acknowledges indebtedness therefor. Upon the writer’s retire- 
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ment from the Texas Survey, Mr. Taff continued the work of map- 
ping the region. He published two reports,’ which have been freely 
used and which have been of great assistance in the preparation of this 
paper. 

Importance of paleontology.—In addition to the collection of the 
data which appear in the text and illustrations, much paleontologic 
research has been necessary in order to classify the formations. 
Paleontology is the most reliable guide in determining the position of 
any bed in the geologic series with a view to ascertaining the depth, 
from any particular portion of the surface, of the underground 
waters in the Cretaceous regions of Texas. If a few species of fos- 
sils, such as can be found in any locality, be sent to one familiar with 
the sequence of the beds, he can predict within a few feet the depth 
below the surface of any particular water-bearing stratum in the 
series. It was a labor of years to disentangle the preexisting confu- 
sion concerning the occurrence and succession of these fossils and 
their bearings upon the determination and definition of the strata. 
Their further consideration has been left to Mr. T. W. Stanton, who, 
it is presumed, will make final publication of the descriptions and the 
scientific results. 

This is not a final and complete report. Detailed field work is 
desirable in many localities. Chemical analyses of water and illustra- 
tions of typical scenery should be more complete, but these were not 
obtainable with the means and time at the writer’s disposal. When 
appreciation of geologic investigation shall have been awakened in 
Texas and the region under discussion shall have been studied more 
closely by resident students, in the manner now common in other parts 
of the United States, the data here presented will be largely increased 
and refined, and the conclusions will doubtless be correspondingly 
amended and rectified. 


1See Third and Fourth Annual Reports Geol. Survey of Texas. 
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In a recent paper’ the author endeavored to present an outline of 
the physiographic features of the Texas region, as shown on a new 
map therewith, and to define its salient primary natural subdivisions, 
as a basis for more detailed discussion and differentiation of the vari- 
ous phenomena. ‘The limits and plan of that paper forbade extended 
discussion or description of specific local features. The present paper 
will be devoted to a minute description of one of the provinces of the 
greater region as outlined in the paper mentioned. Before beginning 
this description, however, it will be well to give a brief résumé of the 
region as a whole. 

The Greater Texas region includes practically all the country east 
of the Rio Grande south of the northern boundary of New Mexico. 
The region thus defined is not a physical unit, but rather an area which 
includes a peculiar group of physiographic units, composed of moun- 
tains and plains belonging to the four greater natural provinces of the 
United States, to wit: the Cordilleran region, the Great Plains region, 
the Appalachian region, and the Atlantic Coastal Plain. The charac- 
teristic features of these regions as they extend into the State present 
local modifications. There are also extensive stretches of country in 
the central portion of the State which have no counterpart elsewhere. 

Before the individual physiographic features of the Greater Texas 
region are described the area, relations, and subdivisions of the State 
will be noticed. 

THE STATE OF TEXAS. 


Area, Relations, and Subdivisions. 


The area of the State of Texas is 265,780 square miles, or about 
one-twelfth that of the entire United States. Its magnitude will be 
better appreciated when it is remembered that to the combined area 
of the New England States, New York, New Jersey, Pennsylvania, 
Delaware, Maryland, and the District of Columbia the areas of Ohio 
and Kentucky must be added to equal it. Its extent is about that of 


1 Physical geography of the Texas region: Topographic Atlas U.S., folio 3, U. S. Geol. Survey, 1900. 
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France. Its length and breadth are nearly the same. The former is 
760 miles, and the latter, along the thirty-second parallel, is about 740 
miles. By rail these distances are 900 miles, or the same as from New 
York to Savannah, Atlanta, Chattanooga, Evansville (Indiana), Chi- 
‘ago, or Labrador. Its length is one-half that of our country from 
north to south. Its width is more than one-half the southern border 
of the United States between the Atlantic and the Pacific. This 
width is equal to one-third the distance across the widest portion of 
the country, from Cape Hatteras to Cape Mendocino. 

In respect to location and natural conditions Texas does not fit 
exactly into any one of the ordinary classifications of States. It is 
southern—F lorida excepted, it is the most southern of all States in 
geographic position. It is central, for it is one of the great tier that 
exactly forms the central strip of the Union. It isa Gulf State, and 
has one-fourth the shore line of the Gulf of Mexico. It is a western 
State, large areas of both the Great Plains and the Cordilleran regions 
being included in it, while its far western corner is nearer the Pacific 
than the Atlantic, and has the climatic features of the former rather 
than of the latter. Not only do its parts present the geographic 
features of the larger divisions of the United States already men- 
tioned, but there are areas typical of the adjacent Republic of Mexico, 
such as the northern end of the Tierra Caliente at the mouth of the Rio 
Grande. Hence it may be said that Texas is both southern, central, 
and western in relative position and interests. 

Neither the State of Texas nor the adjacent territories within the 
Greater Texas region have well-defined or officially recognized subdi- 
visions. In Texas vague subdivisional terms have grown into popular 
use, but these have not been recorded or defined. Personal observation 
of this local usage shows that it includes two classes of terms: first, 
terms of direction, vaguely applied without definite reference to natural 
subdivisions; second, names based on specific natural features and 
applied to local districts, colloquially called ‘* countries.” 

The directional names in general use in Texas are as follows: East 
Texas, Southwest Texas, Central Texas, Northwest Texas, North Texas, 
and West Texas. The bounds of the areas which these terms are 
intended to designate have never been defined, and it is doubtful 
whether they are well formulated in the public mind. They were not 
originally used with reference to the geographic center of the State, 
but were and still are employed with reference to the early American 
centers of population in the extreme eastern part. Thus all the areas 
to which these names are applied lie east of the central meridian of the 
State. Southwest Texas, for instance, according to this older nomen. 
clature, embraces the country between the Balcones scarp line, the Rio 
Grande, and the coast. This region, relative to the geographic center 
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. 
of the State, is really Southern Texas, as it will be called in this report. 
Central Texas was the region traversed by the Houston and Texas 
Central Railway, and included a country (the east half of the Kast-Cen- 
tral Province of nomenclature) more than 100 miles east of the true 
Central Province as defined in this paper. North Texas was the tier of 
black-land counties adjacent to Red River, and included only the eastern 
third of the northern border. Northwest Texas was almost the exact 
geographic center of the State. The term West Texas was applied to 
the region immediately beyond the westwardly migrating line of 
frontier settlement. 

No set of directional terms coincides exactly with the natural subdi- 
visions of the State; nevertheless, such terms are convenient and often 
unavoidable in description. The use made of them in this report, 
however, is quite different from that which is customary, and results 
from a new classification of the region into provinces, based on physical 
characters and relations. The parts of the Greater Texas region which, 
by reason of natural features—characteristics of soil, climate, geologic 
structure, drainage, underground water conditions, and environment 
for human culture—constitute geographic units for discussion, or proy- 
inces, are six innumber. (See Pl. I.) These provinces may be briefly 
outlined as follows: 


DEFINITION OF THE PROVINCES. 


Eastern Province.—This consists of the northern half of the Texas 
Coastal Plain, and includes the forest country east of the Black Prai- 
rie and north of the thirtieth parallel, which corresponds approxi- 
mately to the latitude of Austin. It represents the continuation into 
Texas from Arkansas and Louisiana of the Atlantic Timber Belt of the 
interior portion of the Southern Coastal Plain. In Texas it embraces 
33,000 square miles. 

Southern Province.—This is the southern half of the Coastal Plain 
in Texas and the modified southern extension of the Eastern Province. 
It includes the area between the thirtieth parallel on the north, the 
Balcones scarp line on the west, and the Rio Grande on the south as far 
west as Del Rio. It contains a diverse group of countries, such as the 
Coast Prairie, the Fayette Prairie, the Carrizo Country (an attenuated 
southwestern extension of the Atlantic Timber Belt), the Comal Coun- 
try (the southern continuation of the Black Prairie), and the Rio 
Grande embayment. Its areaaggregates 52,000 square miles. 

East- Central Province.—This includes the portion of Texas north 
of the Colorado between the Eastern Province and the Central Province 
proper, and the portion of southern Indian Territory south of the 
Ouachita Mountains and east of the ninety-seventh meridian. It in- 
cludes the Black and Grand prairies and the two belts of timber known 
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as the Western and Eastern cross timbers. Its area is about 31,000 
square miles. 

Central Province.—Vhere is a vast area of diversified prairie plains in 
southern Kansas, Oklahoma, Indian Territory, and Texas, lying be- 
tween the Plateau of the Plains and the western border of the Ozark 
Plateau and the East-Central Province. This is the Central Denuded 
region of the writer’s previous papers, and consists of a number of 
diverse prairie features occurring in more or less regular north-south 
belts succeeding one another to the west, including those established 
upon the Red Beds, the Carboniferous, and the older Paleozoic rocks, 
each of which will be described under its appropriate head. The area 
of its southern portion which lies in Texas is 37,000 square miles. 

Great Plains Province.—This includes the Great Plains proper, 
which extend eastward from the Rocky Mountain front to the prairie 
plains of the Central Province and southward to the Southern 
Province. 

Plateau Subprovince of the Great Plains.—This is the modified 
southern extension of the Great Plains Province of the United States. 
In Texas it is an extensive oblong plateau south of Canadian River, 
comprising the Llano Estacado and the Edwards Plateau—60,000 
square miles. The Stockton Plateau, between the Pecos and the Rio 
Grande and the eastern front of the mountains, which may be included 
in the Plateau Province, has an area of about 15,000 square miles. 

Trans- Pecos Province.—This represents the continuation of the 
eastern ranges, plateau plains, and interior basins of the great Cordil- 
leran region of western United States west of the Pecos and southward 
from northern New Mexico, through Texas, into the eastern Sierra 
Madre of Mexico. The portion in Texas embraces 35,000 square miles. 
‘*countries.”—In Texas the name 
‘*country ” is used locally for more limited districts (subdivisions of 
the provinces) which have some peculiar or specific natural unity of 
soil, flora, or topography. Thus we have the Coast and the Pine Woods 
countries for certain subdivisions of the Eastern Province of the State; 
the Abilene, Wichita, Brownwood, San Angelo, San Saba, and Llano 
countries for subdivisions of the Central Province; the Uvalde, Laredo, 
Carrizo, and Brownsville countries for subdivisions of the Southern 
Province; the Plains, Panhandle, and Pecos Valley countries for sub- 
divisions of the Great Plains Province; and the Big Bend; El Paso, 
Marathon, Fort Davis, and other names for the countries of the Trans- 
Pecos Proyinee. No definite bounds of these can be fixed without 
good surveys and maps, which have not been completed, and hence 
exact definitions or descriptions of the countries are not attempted in 
this paper. Each forms a unit worthy of separate treatment in a 
special paper. 


Provisional subdivisions into 
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HILL.] MOUNTAINS AND PLAINS. 
THE RELIEF. 


The relief features of the Greater Texas region range from vast 
stretches of apparently level country, like the Llano Estacado and 
Coast Prairie, presenting no visible breaks in their plain-like extent, 
to the rugged mountains of the Trans-Pecos Province, marked in 
places along the Rio Grande by abrupt canyons and declivities. 

This relief, as a whole, may be classified as that of the mountains 
and that of the plains. The altitudes of the region vary from sea 
level to 13,000 feet (see Pl. II). 

Broader features of the relief.—In a broad sense the Greater Texas 
region consists of a vast and diversified plain bordered on the west 
and north by mountains. That portion between the eastern front of 
the Cordilleras and the sea may be primarily conceived as an elongated 
plain. This plain inclines gently from the Cordilleras toward the sea. 
The inclination from the foot of the Cordilleras to the Gulf is gen- 
erally in an easterly direction, but there are slight variations of direc- 
tion. The area having this general inclination may be specifically 
valled the Regional Coastward Slope, and its variation in gradient and 
direction, as will be explained later, has an important relation to the 
physiographic history. Except in the extreme northwest corner of 
Texas, where the Great Plains continue north unbroken, and on the 
east, where the Coastal Plain borders the sea or continues into Louisiana, 
the Regional Coastward Slope is terminated by the Cordilleran and the 
Ouachitan mountain systems, which extend at approximately right 
angles to each other, diverging so as to inclose the plain in a triangle 
having its wider base toward the sea. The plain is rudely comparable 
to a wide, low stairway, leading upward from the sea to the Cor- 
dilleras, in which the various subdivisions of the plain represent the 
treads, local escarpments the risers, and the limiting mountains the 
balustrades. This analogy can not be carried far, for great irregu- 
larities occur in the width and tread of the steps, and the wear and 
tear of time has scarred and disfigured their relief, etched valleys 
where the drainage depressions have crossed the plains, and lowered 
the mountain walls. Some escarpment steps in exceptional instances 
face westward, or upstairs, while other subdivisions of the plain suc- 
ceed one another without any well-defined feature of relief. Further- 
more, the structure of the inclosing mountain systems is of two 
entirely different types and periods of architecture. The formations 
which underlie some of the plains are crumpled wp in the Cordilleras 
and are deposited against the Ouachitas. Hence, parts of the plains 
are older than the Rocky Mountains and younger than the Ouachita 
uplifts. 
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Specific features of the reief.—The chief specitic features of the 
relief may be enumerated as follows: 


Mountains: 
Ouachita Mountains. 
Trans-Pecos Mountains. 
Plains: 
Plains of the Regional Coastward Slope. 
The Great Plains. 
North Plains. 
Llano Estacado. 
Edwards Plateau. 
Stockton Plateau. 
Pecos Valley. 
Canadian Valley. 
Prairie plains. 
Muscogee Prairies. 
Oklahoma Prairies. 
Grand Prairie. 
Western Cross Timbers. 
Black Prairie. = 
Eastern Cross Timbers. 
Coastal Plain. 
Hast-Texas Timber Belt. 
Coast Prairie. 
Rio Grande embayment. 
Plains of the Trans-Pecos Province. 
30lson plains. 
Plateau plains. 


Each of the diverse features alluded to has an area equivalent to 
that of an average State of the Union; each is distinguished from the 
others by different types of soil, rocks, and drainage, and by different 
agricultural and industrial possibilities. 

Before describing these features in detail it is essential to state 
briefly the salient geologic conditions upon which their existence is 
dependent. 


Relation of Formation to Relief. 


Nowhere is there a more intimate relation between geologic forma- 
tion and physiography than inthe Texas region. Nearly all conditions 
which influence human environment, except climate, depend on the 
composition and arrangement of the various rock sheets. Each for- 
mation has peculiarities of stratification, consolidation, cohesion, fria- 
bility, and porosity, which, when the formation is acted upon by 
climatic agents, result in various relief forms. 

The induration, or hardness, of the rock sheet is the chief factor 
influencing the character of the relief. All hills, scarps, plateaus, 
mountains, and other relief features of Texas are illustrations of the 
survival of the hardest in the denuding processes of land degrada- 
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B. GEOLOGIC MAP OF THE TEXAS REGION. 


1, Older granite; 2, Paleozoic and Mesozoic; 3, Cambrian-Silurian; 4, Carboniferous; 5, Permian; 
6, Jurassic; 7, Lower Cretaceous; 8, Upper Cretaceous; 9, Nonmarine Tertiary; 10, Marine 
Eocene; 11, Coast Neocene; 12, later igneous. 
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tion; correspondingly, the minute configuration of the stream valleys, 
valley plains, escarpments, and many of the level prairies bordered 
or surrounded by scarps also depends upon the relative hardness of the 
rocks. 

The inclination of the rock sheets is an important factor in pro- 
ducing relief. Where these are horizontal or but gently inclined the 
tendency is toward plane surfaces with vertical cliffs bordering the 
drainage grooves; where steeply inclined, rugged mountainous forms 
result. 

Consolidation, friability, cohesion, solubility, and porosity modify 
the relief in various ways. Loose sands are heaped by the wind into 
low hills or dunes; unconsolidated clays weather into rounded hills 
and flat surfaces; soluble rocks produce sink holes and other irregular 
surfaces with caverns and bluffs: and the degree of porosity facilitates 
or retards decay. 

Especially in the nonmountainous part of. Texas, each formation 
produces a characteristic relief and weathers into its own distinctive 
type of soil, the color of which—white, red, black, brown, or yellow— 
gives a peculiar tone to the resulting landscape, accompanied by floral 
individualities resulting from its texture and composition. Some- 
times a simple group of strata, like the Plains formation, which 
extends over 40,000 square miles, produces an extensive uniform 
region, with less differentiation in physical features than is found else- 
where within the area of an ordinary township. 

In general, as has already been explained, the relief of the Greater 
Texas region resolves itself into two broad types: (1) True mountain- 
ous areas (the Trans-Pecos and Ouachitan), in which the rock sheets 
are comparatively more tilted or otherwise deformed; and (2) a greater 
plains region, that of the Regional Coastward Slope, in which the 
rock sheets, largely the same as those which make the mountains, are 
but shghtly inclined and form vast extents of sublevel surfaces rather 
than eminences. The area of Oklahoma, Indian Territory, and south- 
ern Kansas, north of the Ouachita Mountains, is included under this 
general head, though its slope is not strictly coastward but toward the 
Mississippi. 


KINDS OF RELIEF-MAKING ROCKS IN TEXAS REGION. 


Most of the surface of Texas is formed of sedimentary rocks, igne- 
ous formations covering a much smaller area. There are also exten- 
sive formations composed of wind-blown débris, chemical precipitates, 
and upland drift. 

The sedimentary rocks, superposed one above another in more or 
less orderly succession, are of two general classes: (1) Marine forma- 
tions, originally laid down upon the marginal bottoms of the sea; and 
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(2) surficial formations, deposited upon the slopes of the land or at local 
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deposition levels, as in lakes, 
rivers, or other bodies of water 
which have existed within the 
land areas. 


INFLUENCE OF THE MARINE SEDIMEN- 


TARIES. 


The sedimentary rocks laid 
down on the sea bottom are 
of all ages from Cambrian to 
Recent, with the possible ex- 
ception of Devonian. They 
ageregate about 25,000 feet in 
thickness, as is shown in the 
accompanying vertical section 
(figs seem@also Pir aiemess 
These rocks occur as strata of 
different hardness, tilted at 
steep angles in the mountainous 
areas, and nearly horizontal in 
the plains region (see fig. 11). 
They are of two general classes, 
differing in occurrence and rela- 
ative importance, viz: 

1. An older or fundamental 
series of pre-Cretaceous forma- 
tions. The structural arrange- 
ment of these formations, in 
anticlines and synclines, is dis- 
cordant with that of the later 


formations of the Coastward 
Slope. The series represents 
the remains of an ancient 


topography which was base- 
leveled during Jurassic and 
Cretaceous time, prior to the 
invasion of the Cretaceous 
seas, which completely buried 
it with later sediments. These 
older except in the 
mountains, are now seen only 
where areas of the later strata 
In the 


rocks, 


have been worn away. 


structure of this group is written an interesting pre-Cretaceous history, 
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involving the growth and decay of relief features quite different in 
detail from those of the present time, which is described more fully 
in later pages. 

2. Formations of the-Coastward Slope, from Cretaceous to Recent 
age. Most of these rocks were once marginal deposits of the Gulf of 
Mexico, laid down when it extended much farther inland than it does 
to-day; and as they were elevated the Gulf receded from the Rocky 
Mountains front to its present position. All these strata now incline 
toward the sea. In some instances the inclination coincides with the 
surface slope, while in others it is slightly greater. 

Relief expression of the older or Paleozoic sedimentaries.—Classitied 
according to geographic importance the older rocks may be divided 
into two groups—the earlier and the later Paleozoic. The first includes 
the Algonkian and Cambro-Ordovician; the second, the Carboniferous, 
with the Permian. ‘They may be divided into four greater lithologic 
subdivisions—the pre-Cambrian, the Cambro-Ordovician, the Carbon- 
iferous, and the Permo-Triassic Red Beds. Of these the first two are 
usually more or less associated in geographic occurrence in limited 
areas, and by reason of their hardness produce allied features of topo- 
graphic relief. The third and fourth, forming the surfaces of large 
areas, have each individual features. 

Pre-Cambrian and older Paleozoic rocks are the foundation upon 
which all the other rocks were laid down, and are still in the main coy- 
ered by them. Their outcrops are exceptional and restricted in area; 
they occur in small districts in the Wichita Range of the Ouachita 
Mountain system, in some of the Trans-Pecos Mountains, especially 
the district between the thirty-first and thirty-second parallels, and in 
a limited territory in the southern end of the Central Province known 
as the Burnet Country. 

The pre-Cambrian rocks are mostly schists and granites; the former 
are greatly disturbed and weather into angular vertical knife-edges of 
projecting hard strate or low mammillary hills. The Cambro-Silurian 
rocks are indurated sandstones and limestones which weather into 
rounded hills with steep slopes. They usually occur in geographic 
association with the pre-Cambrian rocks. 

The Carboniferous rocks are the chief formations of eastern or 
Massern Ranges of the Ouachita Mountains, the eastern border of the 
Central Province in Indian Territory and Texas, and the Diablo, 
Guadalupe, and Caballos Mountains of Trans-Pecos Texas. The Per- 
mian Red Beds prevail in the greater part of the Central Prov- 
ince and in the Pecos and Canadian valleys. Both Carboniferous and 
Permian formations occupy an old synclinal trough between the Grand 
Prairie and Ozark Plateau on the east and the Cordilleras on the west, 
which was buried by the Cretaceous formations. The Carboniferous 
and Permian rocks produce somewhat allied but different topographic 
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forms. The Carboniferous, largely made up of soft, impure shales 
alternating with harder, coarse, brown sandstones and conglomerates, 
produces ridge-like mountains and a broken belt of country along the 
eastern margin of the Central Province, composed of rough-scarped 
and flat-topped sandstone plains and hills of circumdenudation, sur- 
rounded by and overlooking wide clay valleys called ‘‘fiats.” The 
Permian Red Beds aggregate some 7,000 feet in thickness and consist 
largely of unindurated arenaceous clays, with only a few hard strata. 
They weather into extensive flat regions with occasional scarp lines 
attended by ‘*bad-land” slopes. They occupy the western and greater 
part of the Central Province and extend beneath the Plateau of the 
Plains and outcrop in Pecos Valley against the eastern front of the 
Cordilleras. 

Relief capression of the Mesozoic and later rocks.—The existence of 
the early Mesozoic (Triassic) is doubtful, although possible. Rocks 
referred to this period overlie the Permian along the western part of 
the Central Province and appear in small areas around the border 
of the Plateau of the Plains, but are of no topographic significance. 
Jurassic limestone strata of the Mexican type have been found in only 
a limited area in the barren ranges west of the Cordilleran front and 
are not known on the Atlantic slope or the east front ranges. 

The later group of formations of the Coastward Slope consists of 
vast sheets of sea-made sediments, from Cretaceous to Pleistocene age, 
inclusive, and of aggradational deposits of upland wash and stream 
and lacustral alluvium of Tertiary and later age, all of which, except 
the Lower Cretaceous, are mostly unconsolidated terranes of clay, 
sand, marl, and loam. Of this later group, the marine Cretaceous, 
Tertiary, and Pleistocene rocks are the chief formations, especially 
east and south of the Central Province. They were unconformably 
deposited across the upturned edges of the older formations above 
described. They may be subdivided into two general series, produ- 
cing two broad variations of low relief: (1) The older Cretaceous for- 
mations; and (2) the newer Cretaceous, Tertiary, and Pleistocene 
formations. These rocks occur in belts, each underlying a broad strip 
of country. 

The Cretaceous rocks, divisible into an older or lower and a newer 
or upper series, occur in the Trans-Pecos Mountains and in the Coast- 
ward Slope plain. The older formations consist of hard limestones 
alternating with clays, and are underlain by sands; they produce dip 
plains, cut plains, and low scarps. The Upper Cretaceous strata con- 
sists largely of unindurated clay marls, with a few indurated scarp- 
making strata, all underlain by sands and weathering into low, undu- 
lating areas. 

Of all the Texas formations influencing the relief the Upper and 
Lower Cretaceous rocks have the largest areal development. They 
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extend from southern Indian Territory, where their horizontal strata 
abruptly end against the upturned Paleozoic strata of the Ouachita 
Mountains, southwest toward the Trans-Pecos and Mexican Cordilleras, 
which are largely composed of their crumpled sheets. The upper and 
younger Cretaceous rocks, being softer and yielding more readily to 
disintegration, usually underlie level plains. The lower and older 
Cretaceous formations, composed of hard, resisting limestones, weather 
into sharp relief features—scarps, plateaus, and mountains—and, with 
the exception of the high volcanoes of southern Mexico, compose most 
of the high relief of Texas and Mexico. They are also cavernous. 
The newer Cretaceous rocks form the Black Prairie of the East-Cen- 
tral Province and the interior portion of the Southern Province. The 
older Cretaceous rocks form the southern part of the Plateau Province, 
the Callahan Divide, the Lampasas Cut Plain, and many of the Trans- 
Pecos Mountains. 

The marine Tertiary and Pleistocene sediments are found only to 
the coastward of the later Cretaceous formations in the Eastern and 
Southern provinces, making, with portions of the later Cretaceous, the 
formations of the Coastal Plain. The Eocene strata are mostly uncon- 
solidated alternations of sand and clay, with exceptional local indura- 
tions of ferruginous sandstone. The later marine sedimentaries of 
the Coast Prairie district (Miocene to Recent) have not been classified 
by age, but collectively they make a great thickness of unconsolidated 
sands and clays of late Tertiary and Pleistocene age. According to 
well borings at Galveston, they are over 3,000 feet thick. They pro- 
duce a remarkably level topography—apparently a new plain lately 
reclaimed from the sea. 


INFLUENCE OF THE NONMARINE SEDIMENTARIES. 


The nonmarine deposits of Texas are lacustral deposits, sheets of 
upland gravel, and alluvial wash, ‘‘ tepetate,” * and wind-made forma- 
tions, all of which are laid down at local deposition levels. Of these 
formations the alluvium is found throughout the whole region, in the 
valleys of all streamways, and even over the uplands of much of the 
Southern and East-Central provinces. The lacustral deposits are found 
in valleys of the Cordilleran region, partially filling the desert basins. 
The upland formations (the ‘‘ wash,” ”) are flood sheets of gravel, sand, 
and marl, sometimes consolidated in the calcareous matrix known as 
**tepetate.” They cap the Llano Estacado and occur along the interior 
margin of the Southern Province at the foot of the Balcones escarp- 


1The word “ tepetate,” also spelled ‘‘telpetate,” is a term used throughout Mexico and Central 
America for secondary nonmarine deposits, either chemical or voleanic, forming a superficial coating 
_ over the country rock, or impregnating the regolith. In Texas and northern Mexico the tepetate is 
always a chemical precipitate of lime, formed on caleareous soils, or transported in solution and 
deposited through evaporation around the margins of desert basins. 

“For a description of the process of distribution of the wash see Nueces folio, U.S. Geological 
Survey. 
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ment, consisting of the worked-over talus of the mountains and the 
débris of the Edwards Cut Plain. These deposits, begun in Tertiary 
time, are in constant process of formation. The wash and tepetate 
occur on most of the slopes of the semi-arid and arid regions, where 
streams evaporate and sink into the plains, in the wind-made forma- 
tions on the Llano Estacado, and in the valleys of the Great Plains and 
Central provinces. 


INFLUENCE OF THE IGNEOUS ROCKS. 


The igneous rocks in respect of occurrence are of three classes: (1) 
The older granites accompanying the pre-Cambrian or fundamental 
rocks, upon which the whole superstructure of fossiliferous rocks may 
have been laid down, (2) intrusive rocks, pushed up through and 
between the other rock sheets and necessarily of later age than the rocks 
which they intrude; and (3) extrusive rocks, which have flowed or 
fallen over the surface. The oldest igneous rocks of Texas, included 
in class 1, above, and herein called fundamental, strictly speaking are 
not such, inasmuch as some of them at least are intruded into schists 
which are the lowest of this portion of the earths’s crust visible to our 
inspection. 

The old granites outcrop in the Llano Country (see Pl. XV) of the 
Central Province, in the Franklin, Hueco, and Cornudas mountains 
of the Trans-Pecos Province, and in the central and western half of 
the Ouachita Mountains. They are not of extensive topographic 
occurrence, 

The intrusive rocks occur extensively in the Trans-Pecos Prov- 
ince, and exceptionally along the interior border of the Rio Grande 
embayment. 

Extruded rocks of Cretaceous and Tertiary age occur chiefly in the 
Cordilleran region, as necks, dikes, flows, and cones. Volcanic necks 
of rhyolite form the extensive mountain groups known as the Chisos, 
Corazones, and Davis in part. Extensive flows of basalt and rhyolite 
make the indurated cap rocks of such features as the scarp-cut plains 
of the Davis Mountains and the Mesa de Maya. Extrusive sheets of 
lava known as ‘‘malpais” are also found in the floor of the Hueco Basin 
of the Trans-Pecos Province. Volcanic craters, or cinder cones, which 
are exceptional features, occur in northeast New Mexico east of the 
Rocky Mountain front and in central New Mexico. 

The marine sedimentary rocks of the Cordilleran region are of vari- 
ous ages prior to the Tertiary, representing in part the survival of 
structural features of pre-Cretaceous time, mostly buried by later 
deposits of Cretaceous rocks. 

The Ouachita group is made up of the same Paleozoic beds that form 
the foundations of the nonmountainous regions, where they are buried 
beneath the later rock sheets. In the mountains the Algonkian, 
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Cambro-Silurian, and Carboniferous rocks are the survivals of ancient 
land masses that were not base-leveled in pre-Cretaceous time. Their 
arrangement in long anticlinal folds more or less influences the pres- 
ent relief, and, assisted by erosion, produces a type of configuration 
quite different from that of the mountains of the Cordilleras. 

The mountains of the Trans-Pecos Province are composed not only 
of the older sedimentary rocks found in the Ouachita uplift and the 
floor of the Coastward Slope plain, but also of the Cretaceous rocks 
which make much of the surface of the Jatter region. Here they are 
folded and tilted into mountain structure, while sheets and necks of 
hard eruptive rock, produced in Mesozoic and Cenozoic time, furnish 
further relief-making elements. The marine Tertiary and Pleistocene 
formations of the Coastal Plain are missing, but in the flats and basins 
between the mountainsare extensive unconsolidated nonmarine deposits, 
probably of synchronous age. 


The Mountains, 


Within the Greater Texas region are two mountain systems—the 
Ouachita system of Arkansas and Indian Territory, and the Trans- 
Pecos Mountains. These systems are of different structural types, 
ages, and configuration, and trend approximately at right angles to 
each other. The Ouachita system is Appalachian in structure and 
general resemblance, and is thereby related to the mountains of the 
eastern half of the United States. The Trans-Pecos Mountains are a 
part of the great Cordilleran systems which dominate the western half 
of the continent between the Great Plains and the Pacific. 


OUACHITA SYSTEM. 


This system extends east and west between the ninety-third and one 
hundredth meridians, from the Mississippi embayment of the Coastal 
Plain to the plateau of the Great Plains, through western Arkansas, 
Indian Territory, and Oklahoma. The system as a whole is a narrow 
‘line of old mountains, whose summit nowhere exceeds 3,000 feet. It 
is composed of three principal groups, of different types of relief 
and rock composition. These are the Massern Ranges on the east, the 
Arbuckle Hills in the center, and the Wichita Mountains on the west. 

The Massern Ranges were so named by Thomas Nuttall on a map 
accompanying his book entitled A Journey of Travels into the Arkansas 
Territory during the Year 1819: Philadelphia, 1820. These consist of 
elongated ridges of vertically folded clays and sandstones with some 
limestone, mostly of Carboniferous age. They extend east and west 

to longitude 95° 30’, where they take a southerly direction, ending 
ina manner as yet not satisfactorily explained at the northern edge 
of the Grand Prairie and against the eastern end of the Arbuckle HilJs. 
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The southward continuation of these folds was planed off and buried 
beneath the Cretaceous rocks of the Grand Prairie of Texas. 

The Arbuckle Ranges extend from the ninety-sixth to the ninety- 
eighth meridian, in a series of low limestone ridges and granitic hills 
which strike in a direction north of west. These are old mountains 
composed of vertically folded limestone strata with a granitic base, 
exposed toward their eastern end, in the vicinity of Tishomingo. They 
have been so degraded that they have lost that magnitude which is 
usually associated with mountains. 

The Wichita Range is the western end of the Ouachita system and 
forms a rugged sierra between longitudes 98° 30’ and 100°. The 
highest peak, Mount Sheridan, rises 2,800 feet—about 1,300 feet 
above the surrounding plains, which are composed of old granitic and 
volcanic rocks projecting through flanks of Silurian limestone. 

The mountains of this system in general are old, and represent the 
remnants of once more lofty and extensive ranges which have under- 
gone degradation since early Mesozoic time. 


~ 


MOUNTAINS OF TRANS-PECOS PROVINCE. 


The Trans-Pecos Province is a peculiar combination of mountains 
and stretches of plateau, plain, and bolsons surrounding, bordering, 
and lying between mountain ranges. The plains will be discussed 
later under a separate head. 

The Trans-Pecos Mountains of Texas and New Mexico lie between 
the Pecos and the Rio Grande south of latitude 35° 30’. They repre- 
sent the eastern front ranges of that portion of the North American 
Cordilleras lying between the southern end of the Rocky Mountains in 
northern New Mexico and the northern end of the eastern sierras of 
Mexico. These mountains are called by some the Continental Divide, 
but erroneously, for the Cordilleran region has no single dividing 
ridge in this latitude, but is a canoe-shaped area, bordered toward the 
Pacific and the Great Plains by broken crests, between which are large 
basin plains and low, disconnected mountain ridges. 

By origin these mountains are of three distinct types, as follows: 

1. True mountains of deformation, composed of structural folds or 
tilted fault blocks of sedimentary rocks, the mountain forms cor- 
responding in trend to the strike of the structure. 

2, Plateau mountains, consisting of high subhorizontal plateaus 
void of serious deformation, occurring either as summits or as 
shoulders attending higher relief features. 

3. Mountains of igneous material, of three subtypes—old igneous 
vents (such as dikes and necks), craters, and summits of cireumdenu- 
dation capped by sheets of ejecta. 

The highest altitudes attained are in the mountains of the eastern 
front ranges. Sierra Blanca, of the Sacramento Range in southern 
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New Mexico, reported to be 13,000 feet high, is the highest summit. 
The highest mountain of the system in Texas is Guadalupe Peak, near 
the New Mexican line—9,000 feet, or 5,000 feet above the interior mar- 
gin of the Coastward Slope plain. Southward the mountains do not 
attain high altitudes until they cross the Rio Grande in Mexico. Liver- 
more Peak (8,500 feet) and Mount Emory (8,500 feet) are the highest 
summits south of Guadalupe Peak. Immediately upon crossing into 
Mexico the ranges again rise to higher altitudes—10,000 feet or more. 

The Trans-Pecos Mountains lack continuity and exhibit many irreg- 
ular and eccentric forms of relief. In general the individual moun- 
tains present sharp and rugged outlines. They are usually barren of 
timber, except a few summits of the Sacramento, Davis, and Chisos 
mountains that rise above the base of the timber zone, which is about 
6,000 feet along the Rio Grande. 

The individual mountains may be primarily classified as sierras, dis- 
connected peaks, and groups of peaks. The various mountain forms, 
whose lineaments are so clear in the arid atmosphere, have generally 
been given individual and descriptive names by the former explorers 
and inhabitants, who were of Spanish speech. Thus we find the 
rarious eminences called by such names as cabezas (heads), cornudas 
(horns), chisos (ghosts), corazones (hearts), sandias (watermelons), sillas 
(saddles), cuchillas (knife edges), etc. The term ‘‘cuesta” is also 
entensively used adjectively for the surface of a limited plain, plateau, 
or mountain which has a distinctly visible slope or tilt—a tilted mesa. 

Front ranges.—The east front of the Cordilleras, as the parting 
between the mountains and plains may be called, has a southerly 
trend from Colorado to the thirty-first parallel. From the latter line 
it curves southeast through Trans-Pecos Texas and northern Mexico, 
closely following in direction the general course of the Rio Grande 
toward the Gulf, which it reaches in Mexico near the northern tropic. 
This change in direction of Cordilleran trend is due to certain orogenic 
processes which can not here be set forth, but it has an important 
bearing on the geography of the west Texas and north Mexican 


regions. 
The Plains. 


By far the larger portion of the Greater Texas region is occupied 
by plains, and, as these are diverse in structure and relations, their 
character may best be explained by a few preliminary words on the 
nature and origin of plains in general. 


CLASSIFICATION OF PLAINS BY ORIGIN. 


The term ‘‘ plain,” while applied to a region which is dominated by 
a conspicuous and persistent subhorizontal surface, is not always 
intended to signify an unbroken monotonous physiographic feature, 
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absolutely without relief. It is true that some of the districts in the 
Texas region to which the term is applied are vast level stretches 
approximating as nearly as is found in nature a theoretical plane. 
But every plain, however level it may appear, presents within its area 
or as bordering phenomena some inequalities of configuration, such 
as valleys and rises, while some of the plains to be described are so 
rugged as to be locally classified as mountainous. The plains herein 
described are, by origin, of two broad types—constructional and 
destructional. 

Constructional plains.—Constructional plains owe their origin and 
present surface features principally to the distribution and deposition 
of earth material in sublevel sheets along the streamways or at the 
margin of the ocean, or to the distribution of lava sheets or other 
volcanic ejecta over the surface. Destructional plains originate in the 
degradation (or planation) of older and higher surfaces down to a 
lower level. 

Destructional plains-are sometimes evolved constructional plains; 
the latter, after elevation and long erosion, are reduced in old age to 
the former. On the other hand, constructional plains are usually 
established upon areas which were once destructional plains. Ancient 
buried destructional plains thus veneered by constructional plains 
might be appropriately termed paleoplains. 

Constructional plains may be either sea-made or land-made. In the 
former case, with certain minor exceptions, like the platforms of coral 
reefs, they are land-derived sediments which were once distributed 
and deposited in the littoral and sublittoral waters around the margins 
of the land. In the latter case they are composed of lake and river 
sediments or débris brought down by freshets and distributed over 
the surface of a preexisting older plain at the foot of higher regions, 
such as mountains and escarpments.* 

There is one great sea-made constructional plain in the Coastward 
Slope region of Texas. This is the Coast Prairie, which borders the 
present Gulf shore. It is a young plain, and represents the old depo- 
sition surface, which has been but slightly elevated above the sea. 

Of land-made constructional plains there are many examples in the 
Texas region, two of which—the Llano Estacado and the Rio Grande 
embayment—are conspicuous. Both of these are imposed upon old 
destructional plains, to which condition they are again being reduced 
by erosion. Many of the bolson plains of the Trans-Pecos Province 
are constructional plains. 

The Llano Estacado is a constructional plain veneering an old 
destructional plain. The surface formation is land-made and is com- 
posed of talus and wash derived in Tertiary and later time from the 
higher Cordilleran regions to the west; it has been redistributed over 


1See description of the wash inthe Nueces folio, No. 42, Geologic Atlas of the United States, 1898, 
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and over again by the process of sheet-flood and wind erosion. On 
the west, north, and east margins this plain has been eroded so that it 
now stands above lower-lying destructional plains situated in those 
directions. Southward it merges into the destructional plain of the 
Edwards Plateau, which is a reexposure of the old destructional plain 
that makes the foundation of the Llano Estacado to the north. 

The plain of the Rio Grande embayment occupies a low synclinal 
trough between the Balcones escarpment and the east front of the 
Mexican extension of the American Cordilleras. Its constructed 
surface consists of the sheet-floed débris (wash) of the two border 
regions—the Edwards Plateau on the north and the Mexican Cordil- 
leras on the south. The surface of the Rio Grande Plain is now 
dissected into low summit areas occurring as wide divides between 
the streams. By destruction it is being graded down toward the 
level of the Coast Prairie. 

There are also many notable constructional plains in the Trans- 
Pecos region, which will be more fully described later. 

Destructional plains.—Other extensive plains of the Texas region, 
such as the Edwards Plateau, the Central Province, and the East-Cen- 
tral Province, are destructional plains and are the result of leveling 
by erosion processes, by which an older relief is reduced toward a 
lower horizon or plain, upheld by the resistance of a relatively more 
durable stratum. These destructional plains may again be classified 
into several minor types of stratum plains. 

Stratum plains are level or sublevel surfaces the configuration of 
which is conformable to a rock sheet which is relatively hard and 
therefore more resistant to erosion than are the adjacent rock sheets. 
There are three well-marked varieties of stratum plains, viz, mesa 
plains, dip plains, and cut plains. 

A mesa plain is the flat summit of a hilly mountain or plateau of 
circumdenudation or of a mesa bench, Such phenomena are elements 
of a cut plain. 

A dip plain is an inclined stratum plain, the surface slope of which 
coincides with the dip of the upholding stratum. 

Mesas are either the horizontal summits of plateau plains completely 
circumdenuded or benches of level plain abutting against a back- 
ground of higher relief. The term ‘*‘ mesa,” meaning a *‘ flat surface 
on the top of hills or mountains,” signifies a quality of a relief feature 
rather than the whole feature. Thus a flat-topped butte is often 
called a mesa, when in fact the mesa may be only a feature of the 
butte as a whole. 

The term ‘‘ cuesta,” meaning a slope, is used similarly to the word 
mesa, as an attribute of d relief form, signifying a flat summit surface 
which is tilted rather than horizontal. 

A cut plain (dissected plain) is a stratum plain of any kind which 
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has been so dissected into remnants by erosion that the level of the 
original stratum plain is still recognizable in the summits of the 
dissected members. 

The term ** rolling prairies” is well established by popular usage in 
Texas for plains of undulating or rounded hilly relief, as distinguished 
from flat plains. Such plains are usually built upon unconsolidated 
strata of clays or sand. 

The plains of the Texas region may be geographically classified into 
two groups: The plains of the Regional Coastward Slope and those of 
the Trans-Pecos Province. 


PLAINS OF THE REGIONAL COASTWARD SLOPE. 


The term Regional Coastward Slope is here used for all the non- 
mountainous portions of the Greater Texas region, including the 
Great Plains, the Central, East-Central, and Southern provinces. 

Before the individual plains of the Regional Coastward Slope are 
separately discussed its broader features will be considered. As a 
whole it has a general eastward slope from the foot of the Cordilleras 
to the coast, from an altitude of 4,000 feet or more to sea level. This 
slope is primarily caused by a tilt, or the sum of several tilts, which 
the region has received through uplifts of the Cordilleran region in 
Tertiary and later time. The slope of the Coastal Plain north of 
the twenty-ninth parallel is to the east, and in a direction at right 
angles to the east front line of the Cordilleras north of the thirty- 
second parallel. Between the twenty-ninth and thirty-third parallels 
the slope continues east as far as the interior borders of the Eastern 
and Southern provinces. Within these provinces the direction of the 
slope changes to the southeast. The first-mentioned direction of the 
slope pertains to the Great Plains region in general, and the second to 
the more restricted coast plains proper. South of the thirty-second 
parallel the gradient of the Regional Coastward Slope is adjusted to 
the curve of the mountain front in a peculiar manner. Normally it 
should change in direction sympathetically with the curve, but, 
instead, it continues east, in a direction no longer at right angles to 
the mountain front, until the twenty-ninth parallel is reached. At 
the latter parallel the uniformity of direction of slope is suddenly 
broken by the structural deformation of the Rio Grande syncline, 
making a low synclinal basin between the Balcones scarp and the 
Mexican Cordilleras. 

The general average inclination of the Coastward Slope from the 
mountains to the sea is 8.7 feet per mile. It varies in the different 
provinces, being approximately 8.6 feet pet mile across the Llano 
Estacado, 9 feet across the western part of the Central Province, 
6.7 feet across the eastern part of the Central Province, 16 feet across 
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the Grand P ‘airie, 2.5 feet across the Black Prairie and East-Texas 
Timber Belt, and 1.3 feet per mile across the Coast Prairie. 

The chief relief feature of all the plains of the Coastward Slope is 
their general inclination toward the sea, in conformity with the tilt or 
dip of the underlying strata, away from the Cordilleran front, caused 
by the regional upward movements of the Cordilleran area as a whole, 
as mentioned elsewhere in this paper. 

The relief of the individual plains is due to differences in origin, age, 
adjustment of erosion to the different geologic formations, climatic con- 
ditions (such as wind, humidity, precipitation, and evaporation), and 
gradient of the regional slope. Some plains, like the Coast Prairie, 
are so nearly flat and unbroken that undulations or elevations can 
hardly be detected; others, like some belts of the Central Province 
and the margin of the Edwards Plateau, are deeply and extensively 
dissected into high hills of uniform elevation separated by valleys, so 
that only small remnants of the former surface are here and there pre- 
served; still others, like the eastern and southern extension of the 
Black Prairie, are eroded into low, rounded hills called rolling prairie. 

The plains of the Regional Coastward Slope are of four general 
types, forming wide belts extending approximately north and south. 
These are the Great Plains proper, the Central Prairies, the plains of 
the East-Central Province (the Black and Grand prairies), the Atlantic 
Timber Belt, and the Coast Prairie. They may be classified by rela- 
tionship into three major groups: The Great Plains, the prairie plains, 
wad the Coastal Plain. 

The Great Plains are a wide north-south belt of sublevel highland 
extending east from the Rocky Mountains to the prairie plains. The 
Coastal Plain, including the Coast Prairie and East-Texas Timber Belt, 
forms a wide stretch of lowland extending west from the Gulf. The 
prairie plains consist of the plains of the Central Province and the 
Grand and Black prairies of the East-Central Province. They occupy 
an intermediate position between the Coastal Plain and the Great Plains 
proper, and they differ from these in many respects, as will be shown 
later. 

The most conspicuous relief features of the plains of the Coast- 
ward Slope are the Plateau of the Plains, the bordering Breaks of the 
Plains, the Valleys of the Plains, the Callahan Divide, the Balcones 
fault line, the Anacacho Hills, the Llano Hills, the Shumard Knobs, 
and the White Rock, Grand Prairie, Baird, and Seymour scarps, which 
will be described in the specific accounts of the plains to which they 
are related. 


THE GREAT PLAINS. 


The Great Plains Province within the area of our map includes a 
portion of the middle and all of the southern part of the Great Plains 
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region. The middle division, which is locally known as the North 
Plains, lies between the Arkansas and the Canadian rivers. The south- 
ern division is the relief feature which we have described as the South- 
ern Plateau of the Great Plains. 

The Southern Plateau of the Plains (the combined Llano Estacado 
and Edwards Plateau) is the most extensive relief feature of the non- 
mountainous portion of Texas. It represents the continuation of the 
Great Plains proper south of the Canadian Valley, and is a vast sub- 
quadrangular, treeless table-land, about 60,000 square miles in area, 
slightly tilted toward the sea and surrounded on all sides by escarpments 
of erosion. (See Pl. III.) At one time it was a continuous plain 
which extended from the front of the mountain eastward far across the 
Central Province. Denudation of its margins has restricted the area to 
its present dimensions. It is surrounded by the escarpments of the 
deeply eroded Pecos Valley, separating it from the mountains on the 
west, the drainage groove of the Canadian on the north, and an escarp- 
ment of headwater recession on the east. Its southern margin is 
abruptly terminated by the Balcones fault escarpment, coastward of 
which the level of the country has dropped several hundred feet. In 
this manner the Plateau of the Plains has become a subquadrangular 
plateau surrounded by low escarpments, which are locally known as 
the Breaks of the Plains. 


THE PRAIRIE PLAINS. 


The prairie plains, which include the vast Central Province of 
southern Kansas, Oklahoma, Indian Territory, and Texas and the 
East-Central Province of Texas, consist primarily of destructional 
plains resulting from the wearing away of the formations of the 
Coastward Slope from higher to lower beds. The general type of 
relief is that of a greatly denuded prairie region in which the surfaces 
have been established upon many different planes of stratified rocks, 
some of which are very rugged, although extensive stretches of level 
prairie predominate. These stretches occur mostly in subparallel 
north-south belts of country, accompanied by scarp lines, isolated 
circular buttes and mesas, and deeply serrated cut plains. ‘This relief 
is due to erosive sculpture resulting from the establishment of the 
natural drainage upon successively lower and lower stratum plains in 
the geologic series from the Plains (Tertiary) formation on the west 
to the Algonkian at the southeast, inclusive. In a broad way this 
relief may be looked upon as a great and deeply cut intaglio, in 
which the various surfaces, composed of layers of six groups of 
subhorizontal strata of different age, thickness, hardness, and color, 
have been successively exposed by erosion. 
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The East-Central Province is composed chiefly of the Black and 
Grand prairie belts of Texas and southern Indian Territory, each 
bordered on the west by a belt of upland timber known as *‘cross 
timbers.” These are parallel north-south belts of dip plains developed 
upon the outcrops of the various Cretaceous formations. The latter 
are a series of marls, sands, and limestones, inclining to the east so 
gently that their dip is only slightly greater than the inclination of 
the Regional Coastward Slope. Such an arrangement produces broad 
areas of outcrop. The topography of the Black Prairie, established 
principally on the marls,is undulating. The topography of the Grand 
Prairie is established upon beds of firm subhorizontal limestone of 
vast areal extent. These limestone surfaces are mostly flat dip plains, 
passing into cut plains along their interior margins. They slope 
gently eastward, and are terminated coastward by low inward-facing 
escarpments composed of the strata of the next plain. The plains are 
faintly indented by drainways that are fed by longitudinal branches 
whose ultimate and active caletas rise along the inland-facing escarp- 
ments. 

The interior of the Black Prairie is marked by a low inward-facing 
stratified escarpment which extends south from Sherman toward 
Austin. Although this does not exceed 200 feet in altitude, it is a 
marked break in the otherwise uniform surface of the adjacent 
areas. It is an outcrop of the Austin chalk, the only conspicuous 
semi-indurated bed between the interior margin of the Black Prairie 
and the sea. Its margin overlooks the narrow belt of the Eastern 
Cross Timbers. 

The western or inland-facing escarpment of the Grand Prairie is 
a still more conspicuous feature in the Texas region, extending, as it 
does, from the boundary of Arkansas due west through Indian Terri- 
tory to the ninety-eighth meridian, and thence south through Texas 
to the Colorado, in a much-lobed and erenulated line. From the 
Colorado it curves west around the southern edge of the Central 
Province, where it becomes the eastern escarpment of the Plateau of 
the Plains. 

North of the Brazos the slopes of this escarpment, marked by many 
low stratified terraces, descend to the west at a low gradient and 
include the Glen Rose type of prairie, consisting of open stretches of 
country and the various upland belts of the Western Cross Timbers, 
which follow certain outcrops of sandy strata. The crests of this 
escarpment are produced by an outcrop of the Edwards limestone; 
its hardness relative to that of the underlying formations results in its 
preservation as the summit of the escarpments and as many circular 
outlying remnantal buttes, usually known as round mountains, along 
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the western border of the Grand Prairie and at widely disconnected 
intervals over the Central Province, as described later. This lime- 
stone stratum caps also the southern (Edwards) portion of the Plateau 
of the Plains, into which the Grand Prairie merges south of the 
Colorado. 


PLAINS OF THE CENTRAI, PROVINCE, 


The Central Province in its entirety includes the vast region between 
the Plateau of the Plains on the west and south and the Missouri, 
Ozark, and Grand Prairie countries on the east. It consists of two 
great divisions separated by the ranges of the Ouachita Mountain 
system—the northern or Kansan, and the southern or Texan. The 
northern area comprises various belts or prairie plains in Oklahoma, 
Indian Territory, and southern Kansas, closely allied in origin and 
nature and often continuous with those of the southern area. In this 
paper the latter only can be considered. This is bordered on all sides 
except the north by receding escarpments of erosion. On the west 
and south these are the eastern breaks of the Plateau of the Plains; 
on the east they are the western scarps of the Grand Prairie. 

Callahan Divide.—The highest relief features of the Central Proy- 
ince in Texas are the numerous flat-topped, circular, remnantal hills 
(mesa buttes) which are outliers of the Plateau of the Plains and of the 
Grand Prairie. (See Pl. IV.) These are capped by the hard Edwards 
limestone. Upon some of the most western of these are found gravel 
and other remnants of the Plateau of the Plains. The altitude of these 
mesas averages 500 feet above the principal drainways, and about 250 
feet above the highest of the several intervening plains. 

The remnantal mesas occur at widely separated intervals over that 
portion of the Central Province which is south of the northern head- 
water forks of the Brazos. Although widely distributed, they form 
less than 10 per cent of the total area of the Central Province. The 
principal group, which may be termed the Callahan Divide, occupies 
the watersheds of the Brazos and Colorado, lying approximately 
along the thirty-first parallel, and extends, like thickly set bridge 
piers, from the western border of the Grand Prairie west to the 
Plateau of the Plains, through Comanche, Brown, Eastland, Callahan, 
Coleman, Taylor, Runnels, and Mitchell counties. North and south 
of this line, separated from one another by great areas of lower-lying 
plain, there are many similar isolated remnants, such as Double Moun- 
tain, in Stonewall County, and Santa Anna Mountain, in Coleman 
County. 

Collectively the summits, escarpments, and plateaus thus composed 
of the horizontal Edwards limestone represent a wide topographic 
level which once extended over nearly the entire Coastward Slope, 
from the mountain front to the eastern edge of the Grand Prairie and 
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Balcones scarp line. This was a plain (the Edwards Cut Plain) which 
occupied nearly 100,000 square miles of the Texas region. During 
long periods of degradation, the first of which was in early Tertiary 
time, prior to the deposition of the Plains formations, the continuity 
of this level was largely destroyed by erosion, especially in that por- 
tion which gently arched over the Central Province, resulting in its 
almost entire removal from that area, only the remnantal summits 
mentioned being preserved, and the establishment of the two opposing 
escarpments of the Plains and Grand Prairie, which haye been grad- 
ually receding from each other over the Central Province. 

By the establishment of a diversified drainage upon and below the 
ancient Edwards Cut Plain the main area of the Central Province has 
become a series of benches successively farther and farther below the 
general level of the former. These plains are classified into two dis- 
tinct subgroups, those of the western portion and those of the eastern 
portion of the Central Province, each of which includes several minor 
groups. 

Red Beds plains.—TVhe relief of the western group of plains is that 
of a series of almost level plains of wide extent bordered by eastward- 
facing escarpments of erosion and established upon the Red Beds for- 
mations (Permian). The eastern portion, at least that part south 
of the Trinity River, consists of less extensive plains, which have been 
more completely broken by deep canyons and are composed of Car- 
boniferous and older Paleozoic rocks. The plains of the western sub- 
province as above outlined, and of the eastern subprovince north of 
the Colorado, are mostly dip plains which incline to the west and are 
bordered on the east by long escarpments. These escarpments occur 
at wide intervals in parallel north-south directions and are so arranged 
as to impress the traveler who crosses them from east to west, from 
plain to plain, with a sensation of constantly ascending a series of 
steps. The apparent dip of the plains to the west at a very slight 
angle, in a direction contrary to that of the continental slope, is due 
to the fact that the region is the eastern limb of an old pre-Cretaceous 
‘syncline (the ancestral trough of the plains) which underlies all the 
Texas region between the Grand Prairie and the Rocky Mountains. 
This old structure has been reexposed by denudation of the Tertiary 
and Cretaceous strata which once covered it. 

Palo Pinto Plain.—The eastern third of the Central Province is 
more rugged and varied in relief. This is due to the harder and more 
resistant nature of the older Paleozoic formations out of which it is 
carved and which are successively encountered by the denudation in 
progressing to lower and lower strata. 

North of the Callahan Divide, in what is known as the Palo Pinto 
Country, this relief consists of a cut plain carved out of Carbonifer- 
ous sandstone marked by scarps, mesas, and canyons, with occasional 


48 BLACK AND GRAND PRAIRIES, TEXAS. 

valley stretches of ‘‘mesquite flats,” or level prairie where extensive 
beds of shale prevail. Country of this character also extends a short 
distance south of the Callahan Divide, where it is called the Brown- 
wood Country. 

The Burnet Country.—Still farther south, adjacent to the drainage 
basin of the Llano River, the so-called Burnet Country (see Pl. XIV) 
is found. This is so very rugged that it is considered mountainous by 
the inhabitants. It is composed of & series of erosion levels cut below 
the Edwards Plateau, imposed in succession first upon the Carbonifer- 
ous and then upon the Silurian and Cambrian strata, and finally cut 
down toa basement plane of ancient granite and schists, upon which 
the drainage of the Llano and a section of the Colorado is now estab- 
lished. These various levels of the Burnet Country are often extensive 
features, such as the Backbone Plateau west of Burnet and the Pack- 
saddle Mountains. Notwithstanding its rugosity, this area, which may 
have been a monadnock—or remnantal hill in a generally planated 
region—before Cretaceous times, is now a subcircular basin of erosion, 
below the general level of the Plateau of the Plains and the Grand 
Prairie, surrounded by overlooking scarps of their strata, which once 
completely buried it. 


THE COASTAL PLAIN. 


The Coastal Plain of Texas includes the area lying within the Eastern 
and Southern provinces, and consists of three broad types of coun- 
try—the Coast Prairie, the East-Texas Timber Belt, and the Rio Grande 
embayment. 

This plain is a continuation of the Atlantic Coastal Plain of the 
Eastern and Gulf States, yet is essentially different from that in many 
features. At the east line of Texas it has the general characters seen 
in the other Southern States, consisting of a gently sloping plain, 
extending from a mountainous background (the Ouachita Mountains) 
to the Gulf, its eastern border attaining an elevation of about 500 feet 
in southern Arkansas. As it bends to the southwest its features 
become gradually modified until they present several notable variations 
from the Coastal Plain to the east. The most notable ditferences are 
the absence of a well-defined interior border between the Ouachita 
Mountains and the Colorado River, the increasing proportion of 
prairie, the different adjustment of the fall fine of the rivers, and a 
great embayment which the plain makes up the valley of the Rio 
Grande, somewhat analogous to that of the Mississippi. 

Between the Ouachita Mountains and the Colorado River the Coastal 
Plain is so continuous with the Regional Coastward Slope, which 
extends westward to the Rocky Mountains, that its border in this 
region must be an arbitrarily assumed line practically coinciding with 
the coastward border of the Black Prairie as far south as the Brazos. 
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South of the Brazos the Balcones scarp gradually develops and makes 
a well-defined interior limitation of the Coastal Plain toward the Rio 
Grande. 

The Coast Prairie.—TVhe Coast Prairie is a belt of prairie land not 
over 100 miles wide which borders the Gulf of Mexico in Louisi- 
ana and Texas. This is a grass-covered constructional plain, newly 
reclaimed from the Gulf of Mexico, whose interior margin rises 
scarcely 100 feet above the sea. It is marked by an exceedingly level 
surface, hardly broken except by a few low-drainage grooves, which 
become fewer and more faintly developed toward the Rio Grande. 
Upon it a youthful drainage system is being established, while the 
seaward extensions of the through-flowing streams cross it. These 
rivers have wide and deeply indented thalwegs, with gentle, terraced 
slopes filled with old alluvium, 

The floor of the sea border of Texas is a submerged, gently sloping, 
sandy plain or shelf extending 50 miles seaward. By action of tide, 
wave, current, and wind this sand is piled into long island strips, 
which fringe the coast and stand almost at sea level. These are sep- 
arated from the land by shallow lagoons, in which most of the sedi- 
ments of the river are deposited. The building of the sand bars by 
wind and wave and the filling up of the lagoons between them by river 
sediments, in connection with gradual uplift, may possibly explain the 
origin of much of the adjacent Coast Prairie. 

East-Texas Timber Belt.—North of the Colorado the Coast Prairie 
is practically succeeded on its interior margin by a hilly belt of sandy 
timber land, corresponding to the outcrop of the Eocene formations. 
This area is a dissected dip plain. 

The substructure is sandy and unconsolidated and is occupied by a 
greatly branching drainage system, which results in low eminences 
with gentle slopes and without sharply marked scarp lines, except 
near the western border, where the dissection of an indurated stratum 
forms low summit mesas, such as the Iron Ore Knobs, occurring along 
a line between Rusk and Gonzales. 

Plains of the Southern Province.—The Southern Province includes in 
its relief the major part of the Coast Prairie, together with the western 
prolongation of the modified southern continuation of the East-Texas 
Timber Belt and the Black Prairie up the Rio Grande into the district 
known as the Rio Grande embayment. Collectively, these features 
represent the southern attenuation of the greater Coastal Plain as 
modified by the geologic structure of the eastward deflection of the 
Cordilleran front in northeast Mexico and the increasing westward 
development of the Balcones escarpment. The influence of increasing 
aridity upon induration and erosion results in a slight variation in the 
relief. 

In this province the country west of the Coast Prairie, with grad- 
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ually increasing altitude and older and more fully developed drain- 
age systems, becomes more undulating, and finally, toward its interior 
margin, consists of low, rolling hills, which increase in rugosity 
toward the Balcones scarp line. These hills are capped by the gravel 
wash from Edwards Plateau. West of a line from San Antonio to 
Laredo a low synclinal trough (the Rio Grande embayment), threaded 
by the Rio Grande, sets in and the slope changes from directly coast- 
ward toward the river, forming the north side of a trough between 
the Balcones and Mexican sierras, which inclose it on the north and 
south, respectively. The slopes in this district have a normal inclina- 
tion of less than 8 feet to the mile. The Texas side of the Rio Grande 
embayment consists of a low broken plain abutting against the 
sharply defined interior Balcones escarpment of the Plateau of the 
Plains. Its surface includes long stretches of level country, pre- 
senting a few interesting features of minor relief, several solitary vol- 
canic hills, hills of cireumdenudation, and a low monoclinal mountain 
group known as the Anacacho Hills. 

Some plains, as in the vicinity of Spofford and Del Rio, are of con- 
structional origin and present the aspect of gravel-covered flats 
analogous to the Llano Estacado; they have been produced by the 
distribution of arid material by storm-wash deposition. 

Rising out of the interior or northern margin of this plain, in Uvalde 
and Kinney counties, are a number of low, dome-shaped volcanic or 
laccolithic necks or stocks and monadnocks of horizontal strata, 
capped by sills of igneous rock. The Anacacho Hills, in Kinney County, 
form an exceptional feature of relief—a long cuesta or monoclinal 
mountain rising out of the plain, presenting a steep escarpment to 
the north and sloping toward the Rio Grande. 


PLAINS OF THE TRANS-PECOS PROVINCE. 


The Trans-Pecos Province, as previously stated, is a region of com- 
bined plain and mountain, the total area of which is about equally divided 
between these two forms of relief. (See Pl. VI.) The plains differ from 
those of the Regional Coastward Slope in origin, geologic formation, 
details of relief, and vegetation. The former are chiefly the result of 
the emergence and destructional base-leveling of the Coastal Slope, 
unaccompanied by structural deformation. The latter are largely 
structural valleys originated by the, deformation that produced the 
mountains, which have been converted into constructional areas by 
accumulation of débris of the surrounding highland. 

The plains of the Trans-Pecos Province are of two principal types, 
plateau plains and bolson plains, though, exceptionally, lava plains 
occur. 
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B. DESERT PLAINS NEAR TERLINGO CREEK, TRANS-PECOS TEXAS, 
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THE DRAINAGE. 


The extensive region under discussion has a diverse drainage, its 
streams varying in origin, number, length, and volume with the topo- 
graphie and structural conditions, rainfall, evaporation, slope, and 
porosity of the surface. Some parts have numerous streamways which 
drain the surface and lead the water to the sea. Others, like the great 
bolson deserts of the Trans-Pecos region and the Plateau of the Plains, 
are practically without surficial drainage, and the surface precipita- 
tion is disposed of by evaporation and imbibition, 

There is little surficial obstruction to the direct run-off of the 
rainfall, whereby a constant supply of water to streamways may be 
regulated, except such as the forest growth of the Eastern Province, 
and the absorbent character of the dry soiland rocks in certain local 
areas—for example, in the Cross Timbers, the Llano Estacado, and 
the bolson deserts of the west. The Central Province and the Trans- 
Pecos Mountains are largely without either vegetal or structural 
obstruction to run-off, and hence they are rapidly drained after 
rainfall. 


Types of Streams. 


Some streamways, like those draining the Coast Prairie, are of a 
simple consequent type; they rise upon a slightly tilted plain and occupy 
one geographic province. Others of a similar character traverse two 
or more provinces, being prior relative to the one and consequent rela- 
tive to the other. Still others are of a more complicated nature and 
origin and traverse all the provinces. (See PI. VIL) 

In the eastern portion of the State, owing to the large rainfall, 
streamways are numerous and continuously carry flowing water, 
while small streams which enter this region from the west become 
large within it through locally acquired laterals. Only in this and 
the Coastal Plain is navigation practicable, rapidity of fall and scare- 
ity of water prohibiting it to the west. 

In parts of the State, such as the summit of the Llano Estacado and 
the great bolson deserts of the Trans-Pecos Province, drainage chan- 
nels of local origin are few in proportion to area, feebly etched, and 
normally without water except for a few hours after heavy rainfall. 
These areas consist of extensive plains of gentle slope underlain by 
pervious substructure, and the streamways are the products of the 
torrential rainfall, which is sporadic and Jess in quantity than the 
average rate of evaporation. In such runways as are developed water 
is normally absent, being intermittent in occurrence and consisting of 
occasional floods which temporarily (at rare intervals) occupy them. 
Furthermore, the temporary run-off is seldom of sufficient quantity to 
endure more than a few miles, owing to loss by imbibition in its nor- 
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mally dry and porous stream bed and by evaporation. Hence the 
vater does not persist far enough to form outlets to the sea. 

Streams of a third type are frequent in the Central Province and 
around the interior margin of the Southern Province, which derive 
their normal run-off from springs draining the substructure of the 
plateau (structurally impeded drainage). These streams, which are 
usually vigorous at their head, are often interrupted in their lower 
courses, presenting irregular alternate sections of dry and watered 
channels, the water disappearing by absorption in sands, gravel, or 
fissures and reappearing at other places. They may be called spring 
rivers, and are of two general types; the first, those which rise in the 
margins of the Llano Estacado and Edwards Plateau and receive their 
water from gravity springs; the second, those which originate in 
great fissure springs that rise by hydrostatic pressure, like those of the 
Balcones scarp line. 

Drainways of a fourth type may be called through- flowing rivers; 
they derive their water from the snow-covered ranges of the Rocky 
Mountains of northern New Mexico and Colorado and traverse all the 
geographic provinces. These streams receive their principal volume 
from the Cordilleras and in their courses across the Regional Coast- 
ward Slope are practically great antecedent canals passing across the 
Greater Texas region without serious lateral reenforcement. Such 
streams are the Canadian, the Pecos, and, at certain seasons of the 
year, the Rio Grande. 


Direction of Flow. 


Most of the streams normally follow the continental slope toward 
the sea across the various provinces and are of the kind called conse- 
quent streams. Others, which are exceptional, flow at right angles 
to that of the normal regional slope, following parting valleys. The 
Pecos west of the Plateau of the Plains is the most conspicuous type 
of the latter class. The Clear Fork of the Brazos, Hubbard Creek, 
and Jim Ned Creek, of the Central Province, and certain forks of the 
Trinity in the East-Central Province are minor examples. The Rio 
Grande, in portions of its course through the Trans-Pecos Mountains 
and the Rio Grande Plain, follows great structural troughs. 

Still another class of streams consist of headwater ramifications 
(caletas) of the longitudinal streams which drain the inland-facing 
scarps. These are called obsequent streams. They are usually short 
obsequent headwaters, and flow in a direction the reverse of that of 
the consequent streams, which follow the continental slope. They 
are found along the north-south scarp lines of the Central and East- 
Central provinces and along the western breaks of the Llano Estacado. 

Some streams are of one of these types throughout, and may be 
caJled simple in character. Others present in different portions of 
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their course several of the types described, and may be called com- 
pound. 

The topography of each stream valley varies throughout its course 
withthe structure of the country upon which it is established. Hence 
the members of a series of long, parallel streams flowing across differ- 
ent belts of country locally resemble one another in each belt. 

The run-off in the streamways in the Texas region is of three kinds— 
intermittent, interrupted, and continuous. Intermittent run-off is 
sporadic in character, occurs only after rainfall, and soon ceases. 
Most of the drainageways of the western half of the State are of 
this character. Drainways of this type are termed arroyos. Inter- 
rupted drainage is that in which the continuity of the permanent flow- 
ing stream is broken by alternate stretches of dry streamway. Rivers 
of this character abound in the East-Central and Central provinces 
and are indicated by alternations of continuous lines and dots. Con- 
tinuous streams are those which flow continuously from the head of 
permanent water to their mouths. 


Classification of the Drainage. 


- While some of the larger streams flow across ail the different types 
of country and are prior thereto, each of the greater provinces we 
have mentioned has a distinct group of local rivers, forming a drainage 
system which finds outlet directly to the sea or is gathered into the 
larger lateral trunks. The different members of each system possess 
similar characteristics of origin, slope, length, and valley topography. 

When a streamway gathers its drainage from one province it is of 
a provincial type. On the other hand, when it flows through two or 
more provinces, diverting a number of local drainage systems, it 
becomes composite. The rivers of the Coast Prairie system are of 
the simple type; those of the Central Province are composite. 

Geographically the drainage of the Greater Texas region as a 
whole may be classified generically as follows: Rivers of the Cor- 
dilleras, rivers of the Great Plains, rivers of the Central Province, 
rivers of the East-Central Province, rivers of the Edwards Plateau, 
and rivers of the Coastal Plain. 

Rivers of the Cordilleras.—The rivers of the Cordilleras are the 
Arkansas, Canadian, Pecos, and Rio Grande. They receive most of 
their volume from the precipitation on the Colorado group of the 
Rocky Mountains, and gather little or no drainage from the prov- 
inces of the Texas region as they cross it. They are normally flooded 
in May and June, at the time the snow melts in the mountains at their 
headwaters. 

Rivers of the Great Plains.—There are no true rivers of the Great 
Plains in the general region under discussion. The few faint drainage- 
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ways that exist upon the plains consist of draws, shallow basin-like 
depressions ordinarily without water, leading into the head canyons 
of the streams of the Central and Southern provinces. It is a mis- 
nomer to call these streamways true rivers, for they are shallow, 
hardly traceable, seldom contain water, and never present a continuous 
flow. In time of rainfall they form wide, shallow, slothful, turbid 
floods, which serve only to distribute the loose débris of the surface to 
a slightly lower level. To this class belong certain long draws, such 
as the Paloduro, Tule, and Castro creeks, leading into the canyon of 
Red River; the Catfish and Amarillo, leading into the Brazos; and the 
Sulphur and similar drainways, leading into the Colorado. It is true 
that these draws are literally the headwater drains of the rivers of the 
Central Province, and that these streams, which were inherited in past 
geologic time from the Plateau of the Plains, when it extended far 
east of its present border over the western part of the Central Proy- 
ince, were once rivers of the Plains, but it is here preferable to treat 
them as rivers of the Central Province. The Llano, Guadalupe, 
Frio, Nueces, and Devils rivers, which are principally established upon 
the Coastal Plain, have similar headwater draws passing back upon the 
Edwards Plateau. 

Rivers of the Central Province.—TVhe rivers of the Central Proy- 
ince are the Cimarron, North Canadian, Washita, Red, Brazos, and 
Colorado, with large and important tributaries, including the North 
Fork, South Fork, Pease, and Wichita, belonging to the Red River; 
the Salt and Double Mountain Forks, belonging to the Brazos; and 
the North Fork, Concho, and Llano, belonging to the Colorado. The 
constant portions of these streams rise along the eastern margin of the 
plains, either in the front scarps or in the deep canyons which incise 
them, like Red River. Normally these are continuous streams (inter- 
rupted in some instances) of small volume, deriving a constant head- 
water supply from the structural drainage of the Plateau of the 
Plains through the medium of numerous gravity springs. In months 
of maximum rainfall they become excessively flooded with red sedi- 
ment, which is carried to the lower countries. They are long, contin- 
uous-slope streams, which have their principal and widely branching 
ramifications developed in the Central Province, and which gather 
little or no local drainage as they pass the lower-lying provinces. 

The gradients of these streams across the Central Province become 
greatly flattened below their sources, and are farther below the general 
summit levels of the regional slope than any othersin Texas. In fact, 
Red River cuts nearly 900 feet below the level of the Plateau of the 
Plains before it emerges from it. The Colorado, from the Plateau 
of the Plains to the East-Central Province, is cut 500 feet below 
the regional summit as preserved in the Callahan Divide. (See PI. 
VIII.) Such facts indicate the great antiquity of these streams rela- 
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tive to the age of some other systems to be described. These stream- 
ways were originally established upon the older and higher plateau 
levei, and by inheritance have approximately maintained their original 
locations as they cut deeper and deeper into the floor of unconsolidated 
Red Beds and Paleozoic rocks. The upper waters of such of these 
streams as cross the gypsum beds of the western part of the Central 
Province are often brackish. In the lower portions of their courses, 
through the East-Central, Eastern, and Coastal provinces, these val- 
leys are marked by wide bottoms, rising in several terraces, which are 
veneered with old alluvium derived from prehistoric denudation of the 
Central Province. 

Rivers of the East-Central Province.—Still another category of 
streams is composed of rivers which rise upon and drain the prairies 
of the East-Central Province. The through-flowing rivers of the 
Central Province cross the East-Central Province through grooves 
deeply indented below the general level of the flat upland plains 
of which the latter is composed. Upon the upland plains interyen- 
ing between the older streams has been developed the newer system 
which comprises the rivers of the East-Central Province. These in- 
clude the Trinity group, between the Brazos and Red rivers, and the 
Paluxy, Leon, and San Gabriel groups, between the Brazos and the 
Colorado. The many ramifying branches of the Trinity gather all 
the drainage north of the Colorado, even taking it from the very mar- 
gins of the valleys of the greater through-flowing Central streams, 
and carry the water, through the Eastern Province, directly to the 
sea. The branches of the Paluxy, Bosque, Leon, and San Gabriel 
similarly drain the upland portion of the Grand Prairie between the 
Brazos and the Colorado, but deliver their water to the Brazos at the 
edge of the Eastern Province. These are simple consequent slope 
streams, and are usually interrupted in character, the water sometimes 
running into deep pools and again disappearing in dry, stony channels. 
They all rise close to the western margin of the Grand Prairie plain, 
but by rapid descent of their streamways soon become so deeply in- 
dented that their paths are much lower than the surface of the 
upland prairies. Their permanent water is largely derived from 
the drainage of the sands of the Cretaceous beds. Some of them, 
as the Leon and San Gabriel systems, are also largely reenforced, as 
they cross the Balcones fault zone at the border of the Grand and 
Black prairies, by springs rising under hydrostatic pressure through 
fissures. (See Pl. TX.) 

Rivers of the Edwards Plateau.—The rivers which rise within 
the Edwards Plateau somewhat resemble both the rivers of the 
plains and those of the East-Central Province, and yet present vari- 
ations sufficient to justify their consideration in a special category. 
These streams, such as the Blanco, San Marcos, Guadalupe, Medina, 
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Frio, Nueces, and Devils rivers, which pass from the Plateau Prov- 
ince directly across the Balcones scarp line into the Coastal Plain, are 
complex, presenting entirely distinct topographic characters in the 
two provinces. On the plateau summit their ultimate heads are gen- 
tle, waterless draws, like those of the Llano Estacado. These lead 
suddenly down into the deep, wide-bottomed box canyons indenting 
the inargin of the plateau, also similar to those of the eastern border 
of the Llano Estacado, and at the bottom of which water begins to 
flow from gravity springs. The permanently flowing water of these 
canyons makes streams of great beauty. The headwater streams 
continue only short distances, and are succeeded by waterless gravel. 
On passing the Balcones scarp line into the lower-lying country 
of the Rio Grande embayment the character of the streamways 
entirely changes. Here the beds are only slightly indented below 
the general level of the country and have no steep canyon walls. Fur- 
thermore, in this portion of their courses some of them, like the Frio 
and Nueces, except in time of flood, are normally dry gravel beds 
without water. Lower down in their courses, however, permanent 
water again appears. 

Rivers of the Southern and Eastern provinces.—W ithin the South- 
ern and Eastern provinces, which collectively make the Coastal Plain, 
two distinct systems of streams have originated and occupy the rela- 
tively higher surfaces between the through-flowing streams. The 
longest and oldest rivers of these systems rise along the eastern mar- 
gin of the Black Prairie Subprovince and at the Balcones scarp line ; 
those of the second begin at the western margin of the Coast Prairie, 
upon which they are established. To the first class belong the Sabine, 
Sulphur, Neches, and Angelina. The second includes a number of 
short streams (creeks and bayous) which in their coastal extent are 
sluggish and brackish. In that portion of the Coastal Plain south of 
the Colorado there are streams of another category, which have their 
origin in remarkable fissure springs that break out at the foot of the 
Balcones escarpment. Among these spring rivers may be mentioned 
the San Marcos, Comal, San Antonio, Las Moras, and San Pedro. 


Résume of the Drainage System. 


In résumé it may be said that the rivers of the mountains are com- 
plex, composite streams. The rivers of the Coastward Slope plain 
consist of four distinct systems of consequent streams which have 
developed during different epochs of geologic history, each recording 
distinct changes of level, accompanied by a migration of the coast line 
back and forth. 

By provinces it may be said the drainage of the Trans-Pecos Country 
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is of a nascent type, being practically nil on the bolson plains. This 
is partially due to lack of slope, but chiefly to meteorologic and struc- 
tural conditions, the evaporation and absorption being so much in 
excess of the rainfall that there is not sufficient run-off to develop 
streams on these desert plains. The minor drainage of the mountains 
is also faintly developed in comparison with that of other regions, 
owing to the lack of sufficient rainfall. The through-flowing river of 
this region (the Rio Grande) gathers no local drainage from it. 

On the Great Plains, also, the drainage is undeveloped, and for the 
same reason as in the case of the bolson deserts. Its summit run-off 
is deficient in quantity and of the flood-sheet type, which tends to 
destroy rather than to establish surface drainways. The real drainage 
of this province is underground. Such water as is not evaporated 
sinks through the superficial strata until it is retarded by the impervi- 
ous embed of older rocks, upon which it flows laterally by percolation 
to the incised marginal scarps, where it furnishes the headwater 
gravity spring drainage of the Central Province. 

The drainage of the Central Province is mature or old, the head- 
waters of its streams having etched away the surface upon which it 
was established down to lower and lower levels, until it is now super- 
imposed upon the lower-lying Paleozoic beds. This drainage has been 
inherited. 

The drainage of the East-Central Province is adolescent, having 
passed its period of youthful development. It has not yet completely 
occupied all the areas of the plain upon which it is established, except 
along the eastern margin of the region. Those portions of the streams 
of the Central Province which continue into the East-Central Province 
are inherited and revived in the latter portion of their course, having 
been at base-level or estuarine here when the sea bathed the eastern 
border of the East-Central Province and when the latter was a newly 
made coastal plain. The older drainage system of the East-Central 
Province is adolescent, but younger. The newer drainage of the 
Coastal Plain is in its youth, and illustrates most completely the 
development of simple drainage upon a newly reclaimed and gently 
tilted coastal plain. 

The sediments of all these streams testify to the work which they 
perform in lowering the general surface level. The Rio Grande in 
New Mexico, flowing through the unconsolidated and heterogeneous 
formations of the ancient bolsons, is noted for its dull-yellow sedi- 
ments and silts. On the other hand, all the streams draining the Red 
Beds of the Central Province are famous for their vermilion floods. 
Other streams rising in the calcareous and argillaceous Cretaceous 
rocks of the Edwards Plateau and Grand Prairie have a_ slightly 
whitish color. The Colorado, before reaching Austin, receives tribu- 
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taries from both the Cretaceous and the Red Bed areas, and hence, in 
the lower portion of its course, its floods are known as ‘‘red rises” 
and ‘‘ white rises,” those coming from the Llano and San Saba tribu- 
taries being of the latter color, while those from the northern laterals 
are of the former. 

These stream valleys as a whole record a remarkable geologic history 
from the close of Cretaceous time to the present, which can not yet be 
fully interpreted. 


IE PACES a isles 


GEOGRAPHY OF THE BLACK AND GRAND PRAIRIES AND 
CROSS TIMBERS (EAST-CENTRAL PROVINCE). 


RELATIONS AND SOILS. 


Collectively these features cover an area about 275 miles in length 
and having an average width of 65 miles. They extend south from 
the Ouachita Mountains of Indian Territory to the Colorado River of 
Texas. (See Pl. X.) There are also a few inliers of the Cretaceous 
prairies within the Tertiary area of the southwest corner of Arkansas 
and northwest Texas, and some outliers over the Central Province, as 
will be further explained. 

These prairies are bordered on the north by the east-west line of the 
Ouachita Mountains of Indian Territory; on the east approximately 
by the western border of the Atlantic Timber Belt; on the west by the 
Central Province; and on the south, where they merge into the Rio 
Grande Plain and Edwards Plateau, arbitrarily by the Colorado River.* 
These borders are sharply defined on all sides, but least regularly on 
the west. 

On the east the Cretaceous prairies are overlapped by the low 
forest-covered plain of the East-Texas Timber Belt. Although there 
is no topographic change at their border, the forest country is different 
from the Cretaceous prairie in all other natural aspects. It is the 


1Geologically speaking the Black and Grand prairies are the northern area of the great belts of 

Cretaceous strata which extend across the State from the Ouachita Mountains north of Red River to 
the east front of the Cordilleras of western Texas and northern Mexico, across the East-Central, 
Southern, and a portion of the Plateau provinces. 
- The broader areas thus underlain are, in general, distinguished by the calcareous (exceptionally 
arenaceous) soils, the white or chalk-colored character of the outcropping rocks, and certain peculi- 
arities of vegetation. The whole is almost severed into two great north and south bodies by the 
Colorado River, which cuts across its most narrow portion. These two are still further differentiated 
by climatic, structural, and hypsometrie differences. 

Of these two principal subdivisions of the Cretaceous prairies, the one lying south of the Colorado 
is the larger, embracing about two-thirds the total area. This includes two belts of country—the 
most eastern of which is the interior margin of the lower-lying Rio Grande Plain and the southern 
end of the Plateau of the Plains, known east and west of the Pecosas the Edwards and Stockton 
plateaus. This subdivision, situated largely in the semiarid region, is relatively less adapted to 
agriculture and a dense population except along its eastern margin. In general it is a pastoral 
country. The subdivision north of the Colorado includes the Black and Grand prairies with their 
accompanying belts of cross timbers. Thisis better situated climatically for agricultural pursuits and 
presents more extensive bodies of arable land. 

In a previous paper (Geology of portions of the Edwards Plateau and Rio Grande Plain, ete.: 
Eighteenth Ann. Rept. U.S. Geol. Survey, Part IJ, 1898, pp. 193-322) Mr. Vaughan and the author have 
discussed the Cretaceous prairies south of the Colorado.” The present paper will be restricted to those 
lying north of that stream. 
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western termination of the great forest mantle which covers the Appa- 
lachian region and its coastal plains. This forest ends abruptly with 
the commencement of the Black Prairie. The timbered region is one 
of red clay and sandy soils, deficient or lacking in lime, which is 
everywhere the chief constituent of the Black Prairie lands. 

The border of the Central Province immediately adjacent to the 
Black and Grand prairies on the west, consists of broken areas of 
prairie and timber land composed mostly of Carboniferous rocks 
nearly similar in composition to those of the Ouachita Mountains to 
the north, but less broken and tilted in arrangement. This too, in 
soils and economic conditions, is entirely different from the Creta- 
ceous prairies. 

On the south and southwest, across the Colorado, the continuation 
of the Black and Grand prairies is the interior margin of the Rio 
Grande Plain and the coastward margin of the Edwards Plateau, 
respectively, consisting of a lower and higher plain separated by the 
structural feature known as the Balcones scarp line. The Rio Grande 
Plain is the interior margin of the great Atlantic Coastal Plain; the 
Edwards Plateau is the southern termination of the Plateau of the 
Plains. 

Vast treeless plains on which the eye finds no break to the monotony 
of the relief, such as characterize the Great Plains, are not found in 
the East-Central Province. On the other hand, while treeless surfaces 
abound and are sometimes extensive, they are relieved here and there 
by indentations of stratified scarps and by occasional stream valleys, 
usually more or less accompanied by trees, shrubs, or clumps of upland 
timber, the whole presenting several distinct minor types of relief and 
configuration. 

The surfaces of the prairies are ordinarily clad with thick mantles of 
grass, liberally sprinkled with many-colored flowers, broken here and 
there by low growths of mesquite trees, or in exceptional places by 
‘*mottes”’ or clumps of live oak on the uplands, pecan, bois dare, wal- 
nut, and oaks in the stream bottoms; juniper and sumac where stony 
slopes exist, and post oak and black-jack in the sandy belts. These 
vegetal features are all adapted to the physical and chemical character 
of the outcrops of the formations upon which they grow. 

The prairies are characterized by black or dark-colored soils derived 
from a substructure of calcareous marls or chalky limestones, which, 
compared with the less calcareous lands of the bordering regions, are 
unusually fertile, and are marked by an entirely different flora. In 
fact, these caleareous soils, especially those of the Black Prairie, are 
the most fertile of the whole trans-Mississippi region. This fact, 
together with the comparative scarcity of untillable lands, such as stony 


1A very small margin of prairie along the western edge of the timber is in places underlain by 
Tertiary formations, and in some exceptional places along the eastern edge of the Black Prairie the 
Cretaceous outcrops are timbered. 
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hills, bluffs; ete., except in the western portion of the area, enables it 
to support the densest agricultural population of Texas, relative to 
area (see fig. 2), and makes it the seat of the most important inland 
cities, such as Paris, Bonham, Denison, Sherman, Gainesville, Fort 
Worth, Waco, Weatherford, Taylor, Belton, Temple, Austin, New 
Braunfels, San Marcos, and San Antonio. To these soils the State 
owes a large part of her general prosperity. 

In addition to the agricultural features the underlying rock sheets 
embrace a series of water-bearing strata whose artesian-well conditions 
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Fic. 2.—Density of population proportionate to geographic and geologic features, shown in per- 
centages (Census of 1890). (Compare PI. I, p. 26.) 

are the immediate occasion of this paper. All the factors, agricul- 
tural, hydrographic, physiographic, and vegetal, however, which deter- 
mine human habitation, are the direct result of the composition, 
arrangement, and weathering of the system of chalky rocks (chalky 
sands, marls, clays, and limestones) which underlie the surface and 
which must necessarily be understood, as described on a later page, 
before one can gain a correct knowledge of the resources. 

Altogether these prairies are more comparable in some parts to the 
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downs of England, and in others to the hills of France than to other 
regions. So far as the United States is concerned, this country is 
unique, without analogy or counterpart. In topographic, economic, 
and cultural aspects it is a distinct geographic region. 


BELTS OF COUNTRY. 


Not all the Cretaceous prairies are alike in physiographic, geologic, 
vegetal, and cultural features, but they are divisible into several distinct 
and strongly contrasting types of country arranged in irregular par- 
allel belts. These belts of country are due to the varying composition 
and degrees of hardness of the Cretaceous strata upon which they are 
developed and which are minutely described on later pages. 

The belts of prairie extend in an approximately north-south direction 
for 250 miles, from the Colorado to the vicinity of Red River. Here, 
in southern Indian Territory, and in Grayson and Fannin counties, 
Texas, they change in direction from north-south to due east-west. 
This radical change takes place at the point where the prairies cross a 
fault line, elsewhere described as the Red River fault zone, which 
extends in a northwest southeast direction from the vicinity of Mari- 
etta, Indian Territory, to near Cooper, in Delta County (see geologic 
map, Pl. LXVI, A). The Black and Grand prairies, with the belts of 
Cross Timbers, are separated by this fault line into two great subdis- 
tricts, which may be termed the Main Texas and the Red River areas, 
and the ends of the two subdivisions meet along this line like the 
bands of molding at the corner of a picture frame. 

Collectively the Cretaceous prairies consist of gently tilted dip 
plains, those of the Main Texas area comprising a portion of the con- 
tinental slope from the Rocky Mountains to the sea, which has an 
average gradient of about 40 feet to the mile. This gradient varies in 
places, as will be shown. The piains of the group vary in altitude 
from 1,500 feet above sea level at the western edge to about 400 feet 
on the eastern edge. The dip plains of the Red River area incline 
southward from the Ouachita Mountains. Because of the difference 
in slope, strike, and direction between these two subareas, the writer 
frequently throughout this paper uses the general term “‘ coastward” 
instead of east in discussing the directions of dip and slope. When 
the wide extent of the prairies as a whole is considered, the general 
slope is remarkably uniform—more so than in any other large area in 
our country; but even in this slope there are certain important varia- 
tions, which are elsewhere discussed. 

From the profiles on Pl. LXVILI it will be seen that a slight change 
in rate of slope apparently takes place in the Main Texa’s area along a 
north-south line from Red River to the Colorado via Bowie, Decatur, 
and Weatherford, the rate of slope increasing east of the line. This 
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change is in the nature of an almost imperceptible monoclinal fold, 
with a steeper grade on the east and a flattening profile to the west. 
This trivial difference of slope, which increases south as the Balcones 
fault zone develops, and which is reflected in the dip of the underlying 


strata, has an important effect upon the topography, drain- 
age, and conditions of distribution of underground water. 


THE RELIEF. 


The belts of Cretaceous prairie are, as a rule, of low relief, 
increasing in rugosity from east to west. The belts of faint- 
est relief are on the east and those of more pronounced relief 
on the west, where they consist of flat-topped buttes, mesas, 
and widely terraced slopes and scarp lines. 

The several belts also present contrasting minor variations 
of relief according to their structure. Those composed of 
the harder formations are usually flat in their coastward 
extension and are sometimes dissected into cut plains along 
their inland margin. Certain prairie belts in which the 
underlying formation consists of less consolidated terranes 
are eroded into a mammillary or hilly topography of the 
type known as rolling prairie. 

The gently sloping dip plains of the various belts are 
accompanied by low interior-facing stratified escarpments, 
escarpment troughs, and drainage valleys. The escarpments 
are the outcrops or exposed edges of the beds of strata under- 
lying the dip plains (see fig. 3). Escarpment troughs (part- 
ing valleys) are valleys occurring where the lower margin 
of a dip plain abuts against the base of the inward-facing 
escarpment of the succeeding plain. 

While the dip plains incline coastward the accompanying 
escarpments always face in the opposite direction. There 
are two low inward-facing stratified escarpments near the 
interior borders of the Black and Grand prairies, whcih are 
specially conspicuous features of relief, constituting marked 
breaks in the otherwise monotonous surface of the adjacent 
areas. That of the Black Prairie, known as the White Rock 
scarp, extends through the Main Texas area southward from 
Sherman toward Austin. Its margin overlooks the narrow 
belt of the Eagle Ford Prairie. This feature is lacking in 


Fic. 3.—Ideal section of Grand Prairie, showing dip plains. 


the Red River subdivision. The western and northern escarpment of 
the Grand Prairie—a more conspicuous feature—extends from the 
boundary of Arkansas due west through Indian Territory to the 
_ninety-eighth meridian and thence south through Texas, in a much 


lobed and crenulated line, to the Colorado. 
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THE DRAINAGE. 


The drainage of the Cretaceous prairies is of two general types: (1) 
Through-flowing rivers—the Red, Brazos, and Colorado, which enter 
and (2) a system of less copious 


the region from the west and cross it 
locally developed autogenous streams. 

The through-flowing rivers, descending from the Central Province, 
cross the Black and Grand prairies in deeply indented grooves or 
valleys cut far below the general upland level, and are established 
upon a lower profile and have a more flattened gradient than the 
streams of the second class mentioned. They are practically great 
canals passing across the region without drawing much lateral drain- 
age directly from it. 

The Trinity, between Brazos and Red rivers, and the Paluxy, Leon, 
and San Gabriel, between the Brazos and the Colorado, are rivers of 
the second class. These are developed upon upland stretches of plain 
which separate the stream valleys of the older class of streams. (See 
Pl. XI.) The many ramifying branches of this second group gather 
all the upland drainage of the prairies between older rivers, taking it 
even from the very scarps of the valleys of the greater through-flowing 
rivers. 

The trunks of these secondary rivers are primarily autogenous slope 
streams which were originally established upon higher surfaces, now 
stripped away; they have maintained their location by inheritance as 
the general region was degraded by erosion. These rivers mostly rise 
close to the western margin of the Grand Prairie plain, but by rapid 
descent of their streamways soon become so deeply indented that their 
paths are much lower than the regional surface of the upland prairies, 
which are flat-topped divides between them. Their permanent water 
is largely derived from the structural drainage of the sands of the 
Cretaceous beds. Some of them, like the Leon and San Gabriel, are 
also largely reenforced as they cross the Balcones fault zone, at the 
border of the Black and Grand_prairies, by springs rising under 
hydrostatic pressure through fissures. 

The laterals and sublaterals of these streams do the principal work 
of gradation and are of a peculiar type. The principal laterals tend 
to parallel the escarpment troughs in a north-south direction at right 
angles to the main trunks. The sublaterals flowing into the laterals 
gather their drainage on the east by short ravines from the inward- 
facing escarpments and from the west by long drains developed on the 
surface of the dip plains, as shown in PL. XI. 

The main trunks of the streams of the second class are usually 
interrupted in flow, the water running in deep pools for some stretches 
of their courses and again disappearing in dry stony channels. The 
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laterals and sublaterals are dry except in times of rainfall, when they 
carry off the surface water. : 

The stream valleys of the through-flowing rivers and of the main 
trunks of the prairie rivers in their lower portion are accompanied by 
old alluvial formations, often of considerable width and extent, as 
more fully discussed in the geologic part of this paper. 

In addition to the types of streams mentioned, the Indian Territory 
extension of the Red River subdivision of the Cretaceous prairies is 
crossed from north to south by a number of deep and copious laterals 
of Red River, which originate in the Ouachita Mountains, including 
the Little, Kiamitia, Boggy, Blue, and Washita rivers. Furthermore, 
Red River itself, instead of flowing across the strike of the different 
belts, as do the Brazos and the Colorado, first follows the Red River 
fault zone to the east edge of Grayson County and then practically 
follows the strike of the Eastern Cross Timber belt until it leaves the 
region. 


THE BLACK PRAIRIE SUBPROVINCE. 


Relations, Soils, and Drainage. 


The various belts of Cretaceous prairies under discussion, both of 
the Main Texas and of the Red River subdivision, may be broadly 
grouped into two major types of country of about equal area, differ- 
ing from each other in certain physical, cultural, and geologic con- 
ditions, known as the Black and Grand prairies, each of which is 
accompanied at its interior border by a belt of forested country, known 
as the Eastern and Western cross timbers, respectively. 

The Black Prairie Country embraces all the area between Red River 
on the north, the Eastern Cross Timbers, the East-Texas Timber Belt, 
and the Colorado. The Missouri, Kansas and Texas Railway from 
Denison to Austin marks approximately the western edge of the Black 
Prairie belts. The Eastern Cross Timbers clearly define this border 
as far south as the Brazos, but between the latter river and the Colo- 
rado the line of demarcation is geologic rather than topographic. The 
broadest portion of the Black Prairie is to the north, in the counties 
between Trinity and Red rivers. Southward the width of the Black 
Prairie is restricted to its narrowest limits, about 20 miles, along the 
Colorado River, between Austin and Elgin. 

The Black Prairie owes its name to the deep regolith of black cal- 
careous clay soils which covers it. When wet these assume an exces- 
sively plastic and tenacious character, which is locally called ‘* black 
waxy.” These soils are the residua of the underlying marls and chalks, 
or local surficial deposits derived from them, and hence are rich in 
hme. Complicated chemical changes, probably due to humic acid 
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acting upon vegetable roots, are believed to cause the black color. 
The region is exceedingly productive, and nearly every foot of its area 
is susceptible of high cultivation. In fact, the prairies are the richest 
and largest body of agricultural land in Texas, constituting a prac- 
tically continuous area of cultivated soil extending from Red River to 
the Comal. Large quantities of cotton, corn, and minor crops are 
annually raised upon these fertile lands. 

Except the streams which rise in other regions to the west and cut 
through it, the Black Prairie region has few running water courses, 
while the substructure is not favorable to securing surface wells, so 
that for domestic purposes its inhabitants depend largely upon cisterns 
or ponds, the water from both of which is unwholesome. 

The configuration of the Black Prairie was well characterized some 
forty years ago by Dr. Ferdinand Roemer as the ‘‘ sanftwellige Hiigel- 
land,” or *‘ gently undulating regions,” inasmuch as its relief consists of 
gently rolling prairie lands, as distinguished from the sharper, more 
angular topography of the Grand Prairie belts to the west. In gen- 
eral the Black Prairie region is a slightly tilted plain sloping almost 
imperceptibly coastward, generally with numerous low mammillary 
hills having gently rounded slopes. The drainageways are void of 
scarps or other sharp lines of relief, and are so interlaced in their head- 
water portion as usually to produce the low type of mammillary relief 
above mentioned, although the general level of the divides is in some 
cases extensively maintained. The through-flowing streams which rise 
to the west make wide, shallow indentations below the summit slope, 
varying from 250 feet in depth at the western margin to 100 feet on 
the east, accompanied by considerable breadth of alluvial valleys. 
Short laterals fringe these valleys, but they have not made sufficient 
headwater progress across the divides of the original plain completely 
to destroy the old topographic summit level. The altitude of the 
plain is between 750 feet above sea level on the west and 400 feet on 
the east. 

The Black Prairie of the Red River subdivision, with the exception 
of asmall area of the Eagle Ford Prairie in the Chickasaw Nation, 
known as Carriage Point Prairie north of Denison, does not appear in 
Indian Territory, but has extensive development in the Red River 
tier of counties on the Texas side. 


Subdivisions of the Black Prairie. 


The Black Prairie is subdivisible longitudinally into four parallel 
north-south strips of country, differing slightly from one another and 
distinguishable by minor differences in topography and in the compo- 
sition of the underlying rocks. Besides these there are small spots of 
Black Prairie occurring as inliers in the timbered area of southwest 


HILL] SUBDIVISIONS OF THE BLACK PRAIRIE. 67 


Arkansas, as described in the writer’s previous report on that region.+ 
These subdivisions are as follows: 

Black Prairie inliers within the Atlantic Timber Belt. 

Eastern Marginal Prairie. 

Taylor Prairie. 

White Rock Prairie. 

Eagle Ford Prairie. 

Inliers of the Black Prairie within the Atlantic Timber Belt.—In the 
southwest counties of Arkansas and in east Texas and Louisiana occa- 
sional open glades of rich, black, calcareous soil are found in the midst 
of the great forests of the Atlantic Timber Belt. These are noted for 
the fertility of their soils relative to the surrounding country, pro- 
ducing much larger crops of cotton and corn. They occur in Clark, 
Hempstead, and Howard counties, in Arkansas; in Bowie (at the 
Freese place), Smith, and other counties of Texas; and in Louisiana. 
These prairies are never of great extent, and their occurrence is sup- 
posedly attributable to the local eroding away of the once overlying 
covering of the Tertiary formations. Such aberrant outcrops of a 
lower-lying formation within the general area of an overlying one are 
geologically known as ** inliers.” 

Eastern marginal prairies.—The easternmost subdivision of the 
Black Prairie is a narrow belt of land occurring in Red River, Hunt, 
Delta, Kaufman, Falls, McLennan, Bell, Williamson, Navarro, and 
Travis counties, which is characterized by a black, sandy, calcareous 
soil derived from underlying beds of glauconitic sands and clays. 
These lands represent the surface residuum of the uppermost beds 
of the Cretaceous formations and are comparable in character to the 
sandy Cretaceous soils of Arkansas, Alabama, and New Jersey, and 
are an exceptional feature in the Texas region. In fact, they might 
be more appropriately classified, geographically, as a western mar- 
ginal fringe of the Atlantic Timber Belt, inasmuch as, in places at 
least, especially to the north, they are covered with a growth of hard- 
wood timber. 

Taylor Prairie.—TVhis is the largest and most characteristic sub- 
division of the Black Prairie region, occupying a wide belt south of 
the Red River counties, between the eastern marginal Black Prairie 
and the White Rock scarp, to be described. It is characterized by 
stiff, black, waxy, calcareous clay soils and a substructure of light- 
blue marl, called by the residents ** soapstone” and ‘* joint clay,” from 
its jointed and laminated structure. The surface, composed of gently 
rolling uplands, is covered in places by a growth of mesquite shrubs. 
Some of the more extensive and poorly drained divides are accom- 
panied in many places by smali depressions known as ** hog wallows,” 
produced by the unequal drying and shrinkage of the calcareous clays 
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in such places. This, the main portion of the Black Prairie, forms 
fully two-thirds of its total area. The cities of Greenville, Terrell, 
Corsicana, and Kaufman are situated near its eastern border, near the 
junction of the sandy and main black waxy strips. Waxahachie, 
Taylor, Temple, and Manor are situated in the main black waxy belt. 

White Rock Prairie.—A formation of harder rock, known as the 
‘* White rock” or ‘*‘Austin chalk” outcrops along the interior margin 
of the Taylor Prairie from Sherman to Austin. The surface of this 
forms a narrow strip of dip plains averaging a few miles in width. 
The topography of this belt is more rugged and sharply incised than 
the main Black Prairie, but the relief is still low and devoid of the 
steeper bluffs and scarps that characterize the Grand Prairie region. 
It is dotted by clumps of handsome evergreens and oaks, and its soil, 
while black, is shallower than that of the adjacent belts. Where gullied 
and cut by the streams the exposed substructure of chalky rocks 
gives a light tone to the landscape. 

The western edge of the White Rock Prairie as seen at Oak Cliffs, 
near Sherman, Dallas, Waco, Hillsboro, and other places is an inward- 
facing escarpment which overlooks to the west the Eagle Ford Prairie 
and Eastern Cross Timber strips. This feature is continuous from 
Sherman to Temple, some 250 miles, and intermittently from Temple 
to Austin. Except where cut by rivers this low-sloping escarpment 
seldom exceeds 100 feet. Ina level region of low relief the breaks 
of this scarp are conspicuous objects, and in some places are called 
‘*mountains.” The escarpment can be distinguished upon even ordi- 
nary maps by the small fringework of minor drainage heads which rise 
near its summit and lead to the west, emptying into a class of lateral 
streams which follow the escarpment trough along its base in a north- 
south direction before finally reaching the major drainageways. 
The east forks of the Trinity, Mountain Creek, Tehuacana Creek, and 
3osque River are all streams of this character. The chalk or white 
rock forming the summit of this scarp is the immediate geologic ante- 
cedent of the marly clays underlying the Taylor or main black waxy 
area, and the one succeeds the other by easy transition. The eastern 
parting between the White Rock and Taylor prairies is usually 
indefinite. 

An interesting cultural feature of this narrow strip of white-rock 
country is the fact that the tier of larger cities of central Texas, with 
the exception of Fort Worth, are built upon it. Sherman, Dallas, 
Waco, Austin, and San Antonio are all located along its narrow out- 
crop. 

Eagle Ford Prairie.—Immediately west of the White Rock scarp 
and situated between it and the eastern border of the Eastern Cross 
Timbers is another long, narrow belt of black, waxy country very 
much resembling the Taylor or main Black Prairie. From the Brazos 


HILL.) EASTERN CROSS TIMBERS. 69 


to within 10 miles of Red River this feature is especially conspicuous 
in eastern Hill, eastern Johnson, western Dallas, western Collin, and 
western Grayson counties, to the Red River. This portion of the belt 
is 180 miles long and averages 10 miles in width. 

South of the Brazos this belt is of varying width and is intermittent 
in character, gradually narrowing and dying out as a distinct topo- 
graphic feature at the Colorado. The last typical appearance of this 
subdivision of the Black Prairie north of the Colorado is in the Sixth 
Ward of Austin. The Red River area begins in eastern Grayson 
County, and continues down the valley of Red River through Grayson, 
Fannin, and Lamar counties to the eastern edge of Red River County, 
where it ends. Thesouthern margin of the Red River belt is approxi- 
mately marked by the transcontinental branch of the Texas Pacific 
Railway from east of Sherman, near Bells, to a few miles east of Paris, 
Lamar County. The southern border of this Red River belt is not 
marked by an escarpment of white rock as is the eastern border of the 
Main Texas belt. 

The soil of the Eagle Ford Prairie, like that of the Taylor Prairie, 
is the residuum of marly clays, and in places is, if possible, even more 
productive and fertile than the latter. Along the western border of 
the belts this soil becomes slightly sandy as the substructure grades 
down into that of the Eastern Cross Timbers. Some of the richest 
agricultural lands in Texas, notably in Johnson County, are located 
upon this Eagle Ford division of the Black Prairie region. 


THE EASTERN CROSS TIMBERS. 


Character, Relations, and Extent. 


The western border of the Main Texas area north of the Brazos and 
the northern border of the Red River area of the Black Prairie are 
terminated abruptly by a peculiar narrow ribbon of upland forest 
known as the Lower or Eastern Cross Timbers. This forest is largely 
composed of black-jack and post-oak trees, whick grow in a deep, sandy 
soil. This is the most eastern of two similar belts which occur in the 
East-Central Province, a region of prairie plains, and which extend in 
a north-south direction, opposite to the prevalent courses of the streams. 

The cause of these peculiar ribbons of upland timber between vast 
stretches of treeless prairie had long been a subject of inquiry before 
the writer, in 1887,' showed that the forest growth was adapted to the 
geologic formations, the two belts of cross timbers being upon out- 
crops of certain arenaceous formations at the base of the Upper and 
Lower Cretaceous series of rocks respectively, the deep permeable 


1See Geology and geography of the Cross Timbers of Texas: Am. Jour, Sci., 3d ser., Vol. XX XIII, 
April, 1887, 
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regolith and sandy soils of which favored forest growth. These con- 
ditions are lacking in the close-textured calcareous soils of the inter- 
vening prairie regions. The formations upon which are found the 
Western and Eastern cross timbers are minutely described elsewhere. 

The Eastern Cross Timbers proper consist of a belt of timber land 
in the Main Texas area which extends from the Brazos north of Waco 
to where Red River is intercepted by the boundary line between Cooke 
and Grayson counties. Besides this belt there are several extensive 
patches of similar forest Lying within the Red River area which will 
here be included under this general name. The belt. approximately 
follows the ninety-seventh meridian, extending through western Gray- 
son, eastern Cooke, Denton, Tarrant, Johnson, Hill, and McLennan 
counties. This belt gradually diminishes in width from north to south. 

The main body of the Eastern Cross Timbers and the outcrop of the 
formations on which they grow—the Woodbine, Pawpaw, and Deni- 
son beds—are nearly 180 miles in length from south to north, and 
seldom exceeds 10 miles in width. Their area and course are wel! 
shown on the map forming Pl. X. 

The relief of the Eastern Cross Timbers is that of a greatly dissected 
dip plain which is sublevel to the east and becomes broken into many 
low hills toward its western border. In the local language it would 
be called a ‘* rolling, hilly country.” 

When viewed from the White rock scarp, looking west, the Eastern 
Cross Timbers appear to occupy a low valley plain, but when observed 
from the west, looking east, as from Fort Worth or any point on the 
eastern margin of the Grand Prairie region, they appear as a range of 
low but sharply rounded, wooded, mammillary hills, which in places, 
as in Grayson, Denton, Tarrant, and Johnson counties, make conspic- 
uous knobs capped by dark-brown arenaceous ironstone, 

Within the Cross Timbers there are many spots of prairie, or 
‘‘olades,” as they are termed. These abound especially toward the 
eastern and western border. Those of the latter are an almost con- 
tinuous body of narrow prairie land separating a fringe or ribbon of 
forest from the main body of timber. 

The same character of timber growth also has extensive development 
in the Red River area, both in Indian Territory and down the valley 
of Red River nearly to the Arkansas line. There are three distinct 
areas of forested country of the Eastern Cross Timbers type within the 
Red River district. These are the Iron Ore Knobs of north-central 
Grayson County, the Caddo Knobs of southern Indian Territory, and 
the valley of Red River east of Grayson County. The areal extent of 
these northern representatives of the Eastern Cross Timbers can best 
be understood by examining the distribution of the formations upon 
which they grow, as shown on the geologic map, Pl. LXVI. 
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Iron Ore Knobs. 


The Iron Ore Knobs of Grayson County extend east and west from 
Alchire switch, 7 miles west of Denison, to Red River. These knobs 
as seen between Sherman and Denison consist of low, rough, sandy 
hills densely clad with black-jack and post oak. 

From the summit of the Iron Ore Knobs an exactly similar and 
parallel row of hills—the Caddo Knobs—can be seen some 30 miles 
northward, across the valley of Red River, in southern Indian Terri- 
tory. This row of knobs, which is the interior margin of an exten- 
sive prairie dip plain sloping toward Red River, extends from the 
Washita River a few miles south of old Fort Washita eastward for 15 
miles to the Missouri, Kansas and Texas Railway, beyond which it 
has not been explored. 

Both of these parallel east-west belts are ultimately occupied by the 
rulley of Red River, which intercepts that of the Iron Ore Knobs at 
the northwest corner of Fannin County and that of the Caddo Hills 
some distance eastward, in Lamar County. Where so followed by the 
rivers the cross timbers and the formations upon which they grow 
are so associated with the undergrowth and recent and old alluvial 
soils that it would be impossible to map them until minute studies are 
made. 


Economic Features. 


The Eastern Cross Timbers are admirably adapted to fruit growing, 
and the strata upon which they are established are of great impor- 
tance to the question of artesian water. To appreciate the water con- 
ditions of this region it is necessary for the reader to know the 
sequence of the great rock sheets of the Black Prairie and the Eastern 
Cross Timbers, their water-bearing and water-transmitting capacity 
and their topographic lay, as given in subsequent pages. 


THE GRAND PRAIRIE SUBPROVINCE. 


General Character and Relations. 


The Grand Prairie includes the portion of the East-Central Proy- 
ince situated west of the Eastern Cross Timbers in Indian Territory 
and Texas. It has an area of about 20,000 square miles and presents 
within itself many diverse features. 

Although often confounded with the Black Prairie, the Grand 
Prairie differs from it in many minor physical features. In general 
the surfaces are flat rather than undulating, and the valley slopes are 
angular (scarped or terraced) rather than rounded. The residual soils 
and regolith are shallow in comparison with those of the Black Prairie 
belts, and are of chocolate or brown colors instead of black, although 
in at least one belt (the Del Rio) the latter color prevails. Owing to 
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the more shallow soil and the decreased rainfall many of the upland 
areas of the western part of the Grand Prairie are not so well adapted 
to agriculture, other than grazing, as are those of the Black Prairie, 
but the valley lands are very fertile and are extensively utilized. 

The chief difference between the two regions is that the Grand 
Prairie is established upon firm, persistent bands of limestones, which 
are harder than the underlying clay substructure of the Black Prairie 
region, and which, under erosion, result in more extensive stratum 
plains and more angular cliffs and slopes. These limestone sheets of 
the Grand Prairie belts also alternate with marls and chalky strata of 
varying degrees of induration and thickness, and at the base of the 
whole are unconsolidated sands. The rock sheets of the Grand Prairie 
are so much harder than those underlying the Black Prairie region 
and are so conspicuous features in the landscape that, in distinction, 
the Grand Prairie country has been appropriately called ‘‘the hard 
lime rock region.” 

In general the surface of the Grand Prairie, especially north of the 
Brazos, is composed of gently sloping, almost level, and usually tree- 
less dip plains, broken only by the valleys of the transecting drainage. 
These prairies are more continuous and comparatively void of inequal- 
ities of erosion along the eastern portion of the area. In the western 
half, especially south of the Brazos, their surfaces are broken into 
cut plains, buttes, mesas, and flat-topped divides and are etched by 
deeply eroded valleys. 

The Main Texas portion of the Grand Prairie, so much as is 
embraced within the subdivision described on a later page as the 
Lampasas Cut Plain, is the modified northern continuation of the 
Edwards Plateau and the surface outcrop of the eastwardly receding 
limestone sheets that once stretched over the Central Province to 
the Llano Estacado. In fact, it is the continuation of the great 
belt of Lower Cretaceous formations extending across the State, 
elsewhere represented by the Edwards Plateau southwest of the Col- 
orado and east of the Pecos, the Stockton Plateau between the latter 
river and the Cordilleran front, the Callahan Divide throughout 
the Central Province, and a narrow belt of country immediately at the 
foot of the Balcones scarp from Austin westward. To the composi- 
tion, stratification, and methods of disintegration of the different rock 
sheets is due the individuality of the topography of the Grand Prairie 
and its minor subdivisions. 

The coastward border of the Grand Prairie Subprovince, with excep- 
tions to be noted between the ninety-fifth and ninety-seventh merid- 
ians in the Red River district, is the valley of Red River; between 
Red River and the Brazos it is the Eastern Cross Timbers, and from 
the Brazos to the Colorado the Balcones fault zone. 

The relief features of the coastward border are elsewhere described 
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under the heads of the Black Prairie, the Eastern Cross Timbers, and 
the Balcones scarp. The northern and irregular western borders of 
the Grand Prairie terminate in the low inward-facing escarpment 
previously mentioned which overlooks the valley of the Western Cross 
Timbers. These features extend west through Indian Territory to 
Duncan and thence south through Texas, following an irregular line 
through the counties of Cooke, Wise, Parker, Hood, Erath, Coman- 
che, Brown, Mills, San Saba, Lampasas, and Burnet. 

This escarpment is an interesting feature, from both a geologic and 
a geographic point of view, inasmuch as it marks the eastwardly 
receding western edge of the Cretaceous prairie, which has been gradu- 
ally withdrawing from the Central Province and the south front of 
the Ouachita Mountains. North and east of Trinity River the escarp- 
ment does not exceed 100 feet in height, but consists of a low simple 
cliff of the Goodland (Edwards) limestone surmounted by the dip 
plains which slope away from its margin. South of Trinity River, 
owing to increase in thickness of the Goodland limestone and to inter- 
polation of numerous alternations of hard and soft layers as lower 
formations in the geologic sections, the escarpment feature becomes 
more complex or compound in character, and consists of a number of 
benches and scarps, the latter usually being low and inconspicuous, 
while the former spread out into belts, in places of considerable width. 
These alternate benches and terraces of stratification often continue 
long distances. Upon these benches are established many minor types 
of country, like the Walnut and Glen Rose prairies, consisting of open 
stretches of land, and the two belts of upland forest composing the 
Western Cross Timbers, which follow certain outcrops of sandy strata. 

The escarpment line also becomes more irregular to the south and 
is crenulated and cut into innumerable hills and points. Sometimes 
the scarps bend down the valleys of the transecting rivers, which cut 
across the Grand Prairie until they almost reach the eastern margin 
of the region, as in valleys of the Brazos and the Colorado near Austin. 
The entire length of this scarp, with its principal meanderings across 
Texas, is little less than 2,000 miles. 

This scarp topography is due to the presence of the hard cap rock 
of Edwards limestone previously mentioned in the descriptions of 
the Edwards Plateau and Callahan Divide and more fully described 
on later pages, which, owing to its superior hardness relative to the 
adjacent formations, resists erosion more stubbornly. 

The drainage of the Grand Prairie has been described in the intro- 
ductory portion of this paper (p. 55). 


Subdivisions of the Grand Prairie. 


The Grand Prairie, like the Black Prairie, is divided into two con- 
spicuous general areas: (1) The northern or Red River district, in 
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southern Indian Territory, lying along Red River with east-west 
trend; (2) the Main Texas district, between Red and Colorado rivers, 
with north-south trend. The combined outline of these constitutes 
an irregular area, one part of which, principally north of Red River, 
extends east and west, while the other, between Red and Colorado 
rivers, extends north and south. 


RED RIVER SUBDIVISION. 


The Red River subdivision of the Grand Prairie, except a small 
area in northern Grayson County, is situated in southern Indian Ter- 
ritory, between the eastern extension of the Western Cross Timbers, 
which occupies a parting valley along the southern side of the Ouachita 
Mountains, and Red River. It consists of a narrow east-west belt of 
upland prairie, transected at intervals by low timber-covered stream 
bottoms which cross it from north to south. This belt as a whole is a 
dip plain which slopes south toward Red River and scarps to the 
north toward the mountains. The surface consists of black caleareous 
lands with a shallow regolith of dirty yellow subsoils, underlain by 
the alternating limestones and marls of the Washita division of the 
Comanche series.' These prairies in Indian Territory increase in are: 
from east to west. They are seldom over 5 or 6 miles wide from 
north to south and are bordered on the south by the Eastern Cross 
Timber belt, in which Red River flows. 

The northern border, like the western border of their continuation 
in Texas, is the eastward continuation of the inward-facing escarp- 
ment making the general interior border of the Grand Prairie. In 
this portion of its course this escarpment is very low and overlooks 
a long and narrow timbered parting valley which lies between it and 
the Ouachita Mountains—a valley underlain by similar geologic for- 
mations and analogous in character to the Western Cross Timber 
valley of Texas. This east-west timbered belt on the north of the 
prairies parallels the forest belt of the Red River Valley, so that the 
prairies are included between them. 

The streams of the north-south drainage, like the Boggy and Kiami- 
tia, which flow from the mountains across these prairies, have cut deep 
and wide forested bottoms below the general prairie level, which extend 
from the timbered valleys on the north to those on the south. In this 
manner the continuity of the prairie belt is broken into a series of 
blocks separated by lower-lying forested stream bottoms. 

These prairies begin on the east at the Arkansas-Choctaw line, just 
west of Little River. Here small spots of limestone prairie, covered 
with the rich, luxuriant grass and flowers peculiar to the Grand 
Prairie, begin to appear as islands amidst the dense forests of the 


1'The Denison beds in part, Fort Worth, Duck Creek, and Goodland beds in Indian Territory. 
See Geologic description, pp. 266 et seq. 
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great Atlantic Timber Belt. Westward the patches of Grand Prairie 
increase in area as the forests diminish, and occupy the flattened divides 
between the numerous streams flowing into Red River from the north. 
The plains of the Kiamitia (between the Kiamitia and Little River), 
the Goodland Prairie (between the Kiamitia and the Boggy), the 
Caddo Prairie (between the Boggy and the Blue), the Washita Prairie 
(between the Blue and the Washita), and the Marietta Prairie, west of 
the Washita, are the chief examples of this class. 

An interesting feature of the Red River district is the fact that it is 
mostly of lower altitude than the prairies on the south side of the Red 
River fault line. This is largely because it occurs on the downthrow 
side of the Red River fault zone. As shown later, this feature has a 
most important bearing upon the artesian water question. 

Grayson district.—In northern Grayson County there is a small dis- 
connected body of Grand Prairie belonging to the Red River arez 
which occurs as an inlier within the Eastern Cross Timbers and the 
Black Prairie. This occupies about 20 square miles to the north and 
northwest of Denison. Its isolated occurrence in this locality is due 
to the peculiar faulting elsewhere explained. 


THE MAIN TEXAS SUBDIVISION. 


GENERAL CHARACTER AND EXTENT. 


West of the Red River fault zone, between Marietta, Preston, Den- 
ison, and Bells, Texas, the east-west trend of the Grand Prairie and 
the strike of its underlying formations which mark their occurrence 
in the Indian Territory change to the north-south direction which 
prevails in the Main Texas area, a district embracing all the belts 
of Grand Prairie Country between the Western and Eastern cross 
timbers and between Red River and the Colorado. The Missouri, 
Kansas and Texas Railway from Denison to Austin almost follows the 
eastern border of the Main Texas area. The valley of the Western 
Cross Timbers forms the western margin. 

This portion of the Grand Prairie as a whole is a vast dip plain, 
which becomes more dissected and diversified to the southwest, finally 
passing southward into the sublevel dissected Edwards Plateau. The 
surface slope, with slight variations, is generally east. That portion 
of the Grand Prairie north of Trinity River and the eastern border 
in general, as far south as the Colorado, like the Indian Territory 
area, consists of comparatively flat and unbroken dip plains. To the 
west, especially south of the Trinity, the flat surfaces of the dip 
plains are more scarped and dissected into numerous low buttes and 
mesas constituting the Lampasas Cut Plain. 

The prairies of the Main Texas belt are cross grooved by deeply 
scored valleys of numerous streamways with many branching laterals. 
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These stream valleys are deeply indented, wide, and flat in places, and 
sometimes bordered by limestone cliffs leading up to the more exten- 
sive intervening flat divides. The divides have undergone so much 
dissection in some places that they are preserved only as flat-topped 
buttes of the Comanche Peak type, occurring either isolated or as 
elongated chains—as seen in Hood, Bosque, Erath, Comanche, Hamil- 
ton, Bell, Williamson, Coryell, and Lampasas counties—which are 
more fully described on a later page as the Lampasas Cut Plain. 


NORTH-SOUTH BELTS. 


The Grand Prairie, like the Black Prairie, is subdivisible into several 
subparallel north-south belts of country, differing from one another in 
natural aspects and economic features as well as in underlying geologic 
formations. These subdivisions are as follows: 

Prairies of the Fort Worth type: 
Gainesyille Prairie. 3 
Bosqueville Prairie. 
Fort Worth Prairie. 
Prairies and forest belts of the Lampasas Cut Plain: 
Lampasas Cut Plain. 
Walnut Prairie. 
Western Cross Timbers. 
Paluxy Timbers. 
Glen Rose Prairie. 

Of the above subdivisions the first three are regular dip plains, of 
which the Fort Worth Prairie may be considered the type. The 
remainder are subdivisions of the Lampasas Cut Plain. 

Gainesville Prairie.—Vhe most eastern belt of the Grand Prairie of 
the Fort Worth type is a narrow north-south strip of land immediately 
west of the Eastern Cross Timbers, extending from Red River to the 
Brazos in Cooke, Denison, Tarrant, and Johnson counties, as may be 
seen east of Gainesville and Fort Worth. This is a dip plain, or series 
of minor dip plains, of low relief, characterized by the presence of 
shallow reddish-brown or chocolate soils and subsoils of rusty iron 
tints, derived from an underlying structure of ferruginous clays, with 
oceasional thin bands of impure ferruginous limestones. The surfaces, 
while flat, are not so extensive as those of the other Grand Prairie 
belts. In Cooke County and across Red River in the vicinity of Over- 
brook and Marietta, Indian Territory, a few low tepee-shaped buttes, 
of which Comanche Peak,’ 6 miles southeast of Marietta, may be 
taken as a type, outlie the marginal scarps of the dip plains. 

Bosqueville Prairie.—South of the Brazos the position of the Gaines- 
ville Prairie relative to the other divisions of the Grand Prairie is rep- 


1This isnot to be confused with Comanche Peak of Hood County, Texas, a noted geologic and geo- 
graphic landmark. 
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resented by a long, narrow strip of prairie country, seldom more than 
a mile in width, extending through McLennan, Bell, Williamson, and 
Travis counties, between the Balcones scarp and the western edge of 
the Black Prairie. The soil of this belt is different from that of the 
Gainesville Prairie, being black in color and of a sticky nature, instead 
of brown, and is underlain by the yellowish clay subsoil of the Del Rio 
(Exogyra arietina) formation. This black soil is an exceptional fea- 
ture in the Grand Prairie and resembles more the prevalent character 
of the soil and joint clays of the Black Prairie. The surface of the 
Bosqueville Prairie can hardly be called a dip plain in the true sense 
of that word. It is marked by ‘* hog wallow” depressions, and usually 
supports a dense growth of mesquite trees and mesquite grass, con- 
stituting a character of country known in Texas as ‘* mesquite flats.” 

fort Worth Prairie.—Immediatety west of the Gainesville Prairie, 
north of the Brazos, and the Bosqueville Prairie to the south, a belt of 
more extensive and open prairie sets in, underlain by white and yel- 
lowish bands of limestone and clay, which outcrop in roads and stream- 
ways and weather into grayish soils, giving to the landscape a lighter 
and more glaring tone than that of the prairies above described. These 
prairies are superb illustrations of typical dip plains, the gently sloping 
flat surfaces being established for miles at a stretch upon single beds 
of strata, making grass-covered uplands resembling the boundless 
views of the Great Plains proper. 

This prairie region, which is best seen around Fort Worth, in the 
western half of Tarrant County, occupies most of the uplands north of 
the Brazos west of the Missouri, Kansas and Texas Railway and east 
of the Western Cross Timbers, including the greater part of western 
Cooke, Tarrant, and Denton counties, and the eastern portion of Wise 
County. It also occurs in limited spots in the northern part of Gray- 
son, and nearly all the Indian Territory division of the Grand Prairie 
region belongs to it. The Fort Worth Prairie is more rolling along 
its interior margin, which extends to the western escarpment, and is 
there usually accompanied by a fringing belt of stiff clay lands, the 
outcrop of the Preston beds below the Fort Worth limestones. South 
of the Brazos the Fort Worth Prairie contracts in width and becomes 
a secondary feature in comparison to the belts of the Lampasas Plain 
next to be described. In this general region it is a narrowing belt—— 
often a mere ribbon—passing through McLennan, Bell, and William- 
son counties, where it is found only on the downthrown side of the 
Balcones fault zone. 


LAMPASAS CUT PLAIN. 


CHARACTER AND RELATIONS. 


As the more unbroken dip plains of the Gainesville and Fort Worth 
type which occupy nearly all the width of the Grand Prairie north of 


Jollyville Plateau 


Cedar Valley Plateau 


SES = £> ~— 
ee 


I MILE 


Fic. 4.—Cross section of the Lampasas Cut Plain, Travis County, Texas. 
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the Brazos decrease in area southward, another 
important topographic feature begins to de- 
velop along the western border. This feature, 
which has been named the Lampasas Cut Plain, is 
not represented north of Parker County. It 
increases in area southward as the Fort Worth 
Prairie decreases, so that the general width of 
the Grand Prairie as a whole is more than main- 
tained. 

This feature is so intimately related to and de- 
pendent upon the occurrence and erosion of one 
geologic formation—the Edwards limestone— 
that it is difficult to describe it without con- 
stantly bearing in mind the vast extent of this 
formation as previously stated and more fully 
described on a later page. South of the Brazos 
(see fig. 4) the outcrop of this limestone, which is 
found only in the western scarps north of that 
stream, becomes a subhorizontal plain-making 
formation and forms the summit level of all the 
vast country embraced within the limits of the 
Edwards Plateau, the Lampasas Plain, and the 
Callahan Divide. 

The Lampasas Cut Plain is the modified north- 
ern extension of the great Edwards Plateau, 
previously described. It is a greatly dissected 
dip plain, now recognizable by the general level 
of its many remnantal summits, which dominate 
all the country south of the Brazos between the 
Western Cross Timbers and the Balcones fault 
zone. These summits, which are called moun- 
tains by the inhabitants, are numerous remnantal 
circular flat-topped buttes crowning the divides 
between the drainage valleys. Life and industry 
are mostly found in the valleys scored below the 
summit levels. 

In general, these fragments have flat table tops 
andare bordered by glaring white cliffs above, lead- 
ing down to gentler slopes below (see Pl. XIII). 
The tops consist of weathered surfaces of the 
Edwards limestone, sometimes bare of soil and in 
other places covered with rich but shallow black 
or chocolate residual soil supporting grasses and 
timber growth. Where barren the surfaces of 
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the massive limestone weather into many minutely sculptured ridges 
and depressions, produced by the solvent effect of the rainfall upon 
the hot limestones. Such forms are geologically known as ** karren- 
felder.”' In places thick superficial coatings of residual flints occur, 
resembling beds of waterworn gravel. These have been left behind 
as the limestone, which originally contained them, was slowly carried 
away by superficial or underground solution. Some of these flints, 
through processes of decay, develop a peculiar scoriaceous-texture, 
the cavities of which are filled with drusy quartz which sparkles in 
the sunshine. 

The interior border of the Edwards Cut Plain forms the general 
western escarpment of the Grand Prairie region south of the Brazos. 
On the east the plain is less dissected andends abruptly at the Balcones 
fault zone, which is a low escarpment hardly noticeable at the Brazos, 
but which gradually increases in altitude, southward until it is a 
strongly marked feature at the Colorado. 

The plain is first recognizable just south of Trinity River, in north- 
ern Johnson and Parker counties. East of the Brazos it occurs as a 
narrow belt of dip plain, surmounting and paralleling the western 
scarp along the interior margin of the Fort Worth Prairie. It widens 
rapidly south of the Brazos, so that, with its western continuation 
across the central region (the Callahan Divide), it is the dominating 
topographic feature from the eastern breaks of the plains to the 
Balcones fault zone. It narrows again along the Colorado in Travis 
County, where the deep canyon of that stream separates it from the 
Edwards Plateau to the south. 

Southward from the Brazos the first characteristic remnant of this 
old plain is the flat-topped summit known as Comanche Peak, a noted 
landmark in Hood County, which occurs as an isolated flat-topped 
summit capping the high denuded divide between the Brazos and the 
Paluxy. Thence south to the Edwards Plateau and west far over the 
Central Province flat-topped hills of this character surmounting the 
drainage divides are conspicuous relief features. Of this description 
is a vast stretch of country which extends through western Travis, 
Williamson, and Bell counties, and occupies the divides of Lampasas, 
Mills, Comanche, Coryell, Bosque, and other counties. 

The largest continuous area of the Lampasas Cut Plain is a much 
lobed and crenulated divide along the western border of the Grand 
Prairie, extending from the Colorado in western Travis County to the 
northeast corner of Comanche County, a distance of 115 miles. This in 
places is several miles wide, and separates the @olorado drainage of the 
western escarpment from the long prairie streams flowing eastward into 


1See Illustration on Pl. L of the geology of the Edwards Plateau and Rio Grande Plain: Eighteenth 
Ann. Rept. U.S. Geol. Survey, Part IT, 1898. 
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Fic. 5.—Diagrammatic representation of a divide of the Lampasas Cut Plain, showing relation of agriculture, forestry, topography,and underground water to the 
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e1, Comanche 


summit divide of Lampasas Cut Plain; soilless except in large areas; growth of scrub oak, live oak, and post oak. 


e2, Caprina limestone; 
Peak limestone; chalky, soilless slopes; growth of shin o 


geology. 


p, Paluxy sand; Eastern and 


r2, Barren limestone slopes with growth of juniper, 


f, Walnut formation, Walnut Prairie; rich, fertile land in many places. 


k; fair cotton and good fruit land; water bearing. 


i 


Western Cross*Timbers, forested with post oak and black 


t2, Trinity sands; Western Cross Timbers; same forest growth as p. 


live oak, and sumac; occasional fertile soils from interbedded marly layers; water bearing. 


r!,small prairie spots; good 


t!, Trinity sands; Western Cross Timbers; same forest growth as p. 


soil. 


the Brazos, which have their headwaters 
along the eastern scarps of the divide. 

The more important rivers, such as the 
Colorado, Leon, Brazos, and Trinity, which 
rise west of the Grand Prairie area and cross 
it, as well as the eastward-flowing rivers and 
creeks of the Grand Prairie proper, having 
their source against the eastern border of this 
main western divide, flow in valleys which 
are deeply incised below the cap rock of the 
Lampasas Cut Plain. These valleys are sepa- 
rated from one another by long divides com- 
posed of eastward-extending remnants of the 
cut plain. 

The principal ramifications of this char- 
acter extending southeast from the main 
western border of the Grand Prairie are as 
follows: The Comanche Peak divide, between 
the Brazos and Paluxy in Hood and Erath 
counties, about 22 miles in length; the Chalk 
Mountain divide, between the Paluxy and 
Bosque in Erath, Somervell, and Bosque 
counties, about 45 miles in length; the Dub- 
lin divide, between Paluxy and Leon rivers 
in Erath, Bosque, and Hamilton counties, 
about 50 miles in length; the Hamilton 
divide, lying between Cow House and the 
Lampasas, which extends from eastern Mills 
County nearly to Belton, a distance of 65 
miles; the Lampasas-San Gabriel divide, 
extending from west of Strickland, Burnet 
County, to Florence, Williamson County, 22 
milesinlength; the Bertram divide, in Burnet 
and Williamson counties, between the north 
and south forks of the San Gabriel, some 20 
miles in length; the Bagdad divide (or Post 
Oak Ridge), between the south fork of the 
San Gabriel and the Colorado in Williamson 
and Travis counties, about 20 miles in length. 
Shorter secondary arms extend southeast- 
ward from these main divides between the 
principal creeks, such as Bennett, Sims, Big 
Lucy, Donaldson, Mesquite, North Rocky, 
South Rocky, and Miller creeks. 
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HILL.] WESTERN CROSS TIMBERS. $l 
=a SUBDIVISIONS OF LAMPASAS CUT PLAIN. 


The vast surface of the Lampasas Cut Plain is scored by the drain- 
wavs arising near the western border into many valleys, which are cut 
below the old level of the plain into older and older belts of strata. 
These valleys within the area are bordered by escarpments like those 
found along its western margin. The wide slopes of these valley 
escarpments descend in series of benches based upon various forma- 
tions underlying the cap rock of the cut plain, each of which produces 
a soil and vegetation characteristic of a peculiar type of country. (See 
fig. 5.) These intaglioed belts will now be described in descending 
series. 

Walnut Prairice.—The first of the types of country resulting from 
the dissection of the cap rock of the Lampasas Cut Plain has been 
named the Walnut Prairie, after its typical development in the vicinity 
of Walnut, Bosque County. This has a shallow, black soil with a 
yellow-clay foundation, which is the outcrop of the Walnut formation 
elsewhere described. This formation occurs immediately below the 
Edwards limestone south of the Leon, and above the Paluxy sands 
north of that stream. 

The Walnut Prairie usually occurs as benches, forming a shoulder 
immediately below the scarp rock of the summits of the Lampasas 
Plain, or as the surface of uplands, from which the summit rock has 
been eroded. The latter type of country is exceptional, but forms 
extensive areas of upland prairie, notably in Hamilton County. 
Toward the east this prairie occurs as belts along the stream valleys, 
between the remnantal mesa divides of the plain. 

The Walnut Prairie first appears in Parker County, and is met with 
in the valleys of all the streams south to the Colorado in Hood, Bosque, 
Coryell, Lampasas, Bell, and Williamson counties, where it makes 
large areas of fertile land. The details of the occurrence of this 
prairie are more fully explained in the description of the Walnut 
formation, with the outcrop of which it is coincident. At and south 
of the Colorado the Walnut Prairie diminishes in significance. 

Western Cross Timbers.—The Western Cross Timbers are a narrow 
forest belt or belts which attend the interior margin of the Grand 
Prairie, being established upon outcrops of formations below the cap 
rock of the Lampasas Cut Plain. Like the Eastern Cross Timbers, 
these consists of an upland forest growth of post oak and black-jack 
growing on sandy soils. These sandy soils are often so deep that 
wheels sink far into them and make wagon transportation very 
laborious. There is sufficient clay in the sand, occurring as occa- 
sional layers, to make it of considerable agricultural value. These 
forests and soils, as more fully shown in the geologic discussion, fol- 
low the outcrop of unconsolidated sandy strata lying at and near the 
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base of the Cretaceous system and are exposed by erosion of the over- 
lying strata of the Lampasas Cut Plain. These formations, which are 
discussed in detail on another page, have important relations to the 
artesian water question, inasmuch as they are the catchment area of 
the best artesian wells. . 

The topographic position of the Western Cross Timbers is always 
relatively lower than the summit of the western scarp of the Grand 
Prairie, and hence the regions of their occurrence are sometimes 
spoken of as the valley of the Western Cross Timbers. 

The main belt of the Western Cross Timbers is of varying width, 
from a half mile to 10 miles or more. It is a gently rolling region— 
almost level—the configuration being largely adapted to and depend- 
ent upon the character of the rocks lying immediately beneath the sur- 
face. Where these are soft and easily denuded the cross timbers 
topography is rolling; where hard, at least patches of the sand are 
preserved over level areas of varying size. 

Tn Indian Territory the Western Cross Timbers occur in aninward- 
facing valley which has developed along the parting between the Cre- 
taceous prairies and the southern flank of the Ouachita Mountains, and 
between the receding scarps of the former and the elevated ridges of 
the latter. This valley is made by the interlacing lateral erosion of 
the minor tributaries of the main drainage that flows from the moun- 
tains to the plain. 

In Texas the chief valley of the Western Cross Timbers is the base 
of the western escarpment of the Grand Prairie at the junction of the 
latter and the countries of the Central Province. There are ramifying 
branches of the cross timbers in this region which will presently be 
described. 

Both in Indian Territory and Arkansas the Western Cross Timbers 
belt is narrow, averaging less than 10 miles in width. This belt 
approximately follows the thirty-fourth parallel, from Murfreesboro 
via Ultima Thule, Arkansas, into the Territory, and thence via Antlers, 
Tishomingo, and Old Boggy Depot nearly to the ninety-eighth merid- 
ian. In this portion of their course they are bordered on the north by 
the Ouachita Mountains. From the last-mentioned point they deflect 
south, approximately between the ninety-seventh and ninety-eighth 
meridians to Brazos River in Texas. 

In the vicinity of the Brazos south of Decatur the Western Cross 
Timbers bifurcate into two distinct belts separated by strips of prai- 
ries. The most eastern of these belts may be termed the Paluxy Cross 
Timbers to distinguish it from the main western belt. South of the 
Brazos the main or western belt continues to follow the foot of the 
western escarpment of the Grand Prairie southwest through Parker 
and Erath counties into Comanche County. From this point, like the 
Lampasas Plain, it sends a long and narrow extension westward, 
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approximately along the thirty-second parallel, around the Callahan 
Divide, where the cross timbers occur as bodies of timber fringing 
the base of the limestone buttes, in parts of Eastland, Callahan, Taylor, 
Coleman, Brown, and other western counties. South of this divide in 
Brown County the main Western Cross Timbers country continues to 
form a narrow belt at the foot of the western escarpment of the Grand 
Prairie, along the eastern slope of the Colorado, southward to Burnet 
County. In the northern part of the latter county there is a break in 
the belt for a few miles, but it reappears at the county seat and con- 
tinues until it crosses the Colorado. South of the Colorado the 
timber follows the breaks of the Edwards Plateau in their irregular 
meanderings around the southern perimeter of the Central Denuded 
region. 

The Western Cross Timbers sometimes extend down the valleys of 
the streams which transect the Grand Prairie, especially the Leon. 
There are also small inliers of them well within the Grand Prairie, 
notably along the heads of Bosque and Paluxy rivers. The details 
are further amplified on the map and in the geologic description of 
the Trinity division. 

The western or interior border of the main belt of the Western 
Cross Timbers is not so regular or so distinct as is the eastern. Some- 
times it is very sharp and definite, while again it merges into local 
forest areas occupying other arenaceous formations than those of the 
Cretaceous. Besides, there are many outliers of the cross timbers 
within the Central Province, a fact which will be better appreciated 
after reading the discussion of the general geology. 

Paluxy Cross Timbers.—The eastern belt of the Western Cross Tim- 
bers may for convenience be called the Paluxy Cross Timbers. (See 
Pl. LXXI.) This belt south of Wise County is separated from the 
main belt of the Western Cross Timbers by the Glen Rose Prairie 
(next to be described), and follows the outcrop of a higher and later 
geologic formation than that occupied by the main belt. Like the 
latter, this belt is characterized by deep, sandy soils accompanied by 
red clays, thin limestone flags, fossil wood, and a stunted forest of 
post-oak and black-jack timber. It begins in southern Wise County 
as a narrow belt of post-oak timber, following the complicated contours 
of the upper slopes of the western escarpment of the Grand Prairie 
just below the summit. Along the eastern margin of the Brazos Val- 
ley, Parker County, it follows a contour of from 250 to 300 feet above 
the main belt of the Western Cross Timbers. Southward the Paluxy 
timbers are a feature of the incised topography of the Lampasas Plain. 
In Hood, Erath, Comanche, and Bosque counties, where the stratum 
benches have been partially denuded, these forests occupy platforms 
just below the belts of Walnut Prairie, or in cases where the summit 
plain has been entirely denuded they occur as extensive patches of 
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upland forest country. These belts of timber usually follow the 
direction of the stream divides, or sometimes appear in the valleys of 
the streams themselves, according to the depth of erosion of the latter. 

North of Parker County, owing to the dying out of the Glen Rose 
Prairie in that direction, the Paluxy Cross Timbers merge into the 
main cross timbers, so that from there northward they form a con- 
tinuous belt. The Paluxy Cross Timbers cease to be a conspicuous 
feature south of Leon River, coincident with the cessation (as a strati- 
graphic feature) in that direction of the sand bed in which they grow. 

Glen Rose Prairie.—We have mentioned the appearance south of 
Wise County of an intermediate belt of prairie between the two belts 
of forest which form the Western Cross Timbers. This prairie assumes 
increasing areal importance south, and forms an important aceompani- 
ment of the general region of the Lampasas Plain. Like the Walnut 
Prairie and the Western Cross Timbers, it is developed on the slopes 
of the western escarpment and in the streamway indentations of the 
Lampasas Plain, occupying large areas in Parker, Hood, Somervell, 
Erath, Comanche, Mills, Lampasas, Burnet, and Travis counties, and 
is seen typically around the towns of Granbury, Glen Rose, Stephen- 
ville, Comanche, and Lampasas. 

The regolith is usually thin and shallow and the general tone of the 
landscape of a brownish-yellow color. The surfaces are usually stony, 
owing to the breaking down of the many thin ledges of limestone, 
which, in alternation with marly clays, compose their substructure. 
The Glen Rose Prairie is covered with a thin growth of short grasses. 
Thickets of sumac and occasional mottes of live oaks grow along the 
rocky ledges, and mesquite trees in the flattened areas. In places, for 
example the breaks of the Colorado, dense forests of juniper, locally 
called cedar, inhabit the rocky ledges. These vegetal features give to 
the country a diversified and picturesque aspect. 

The minor configuration of the Glen Rose Prairie is broken by low 
relief features, consisting of low terraces and stratified benches 
resulting from the persistence of certain harder strata in alternation 
with beds of softer material. Low, circular buttes, seldom over 50 feet 
in height, consisting of alternations of thin beds of indurated arena- 
ceous limestone and clay, arealso frequent. These are seen near Lam- 
beth and Stringtown, Parker County, and thence southward at many 
points on the eastern border of the Western Cross Timbers. They 
are especially well developed west of Lampasas and on the margins of 
the Colorado near the corners of Burnet, Blanco, and Travis counties. 


RESUME. 


From the foregoing brief description of the Black and Grand prairie 
regions of Texas north of the Colorado, it must be apparent that all 
the diverse features thereof result from the composition, degree of 
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induration, and arrangement of the underlying rocks. A stratum of 
unindurated marl, clay, or sand yields more readily to the attacks of 
erosion than the beds of harder material. Thus the outcrop of the 
Austin chalk produces the only sharply defined scarp or line of promi- 
nent hills in the Black Prairie region, while the Edwards limestone 
makes the most conspicuous and rugged topography of the Grand 
Prairie. Compact and excessively calcareous marls and clays seem 
unpropitious for forest growth, and hence wherever these form the 
surface there is an absence of forest, except in some cases where the 
mesquite grows. On the other hand, porous, unconsolidated sands, 
such as make the cross-timber regions, present ideal conditions for 
forest growth and are covered with trees. The outcrops of harder lime- 
stone, suchas are found in the escarpments, are often fissured, shattered, 
and broken, and hence offer a propitious environment for the growth of 
hardy live oaks and other trees. 


eA rob elalaler 
GEOLOGY OF THE BLACK AND GRAND PRAIRIES.! 


The formations which relate to the Black Prairie and Grand Prairie 
subprovinces belong to three categories, as follows: (1) The Azoic and 
Paleozoic rocks, making the basement or foundation; (2) the Creta-_ 
ceous rocks, which are the chief formations of the Black and Grand 
prairies proper; (3) the surficial post-Cretaceous formations which in 
places veneer the surface. 


BASEMENT ROCKS OF THE BLACK AND GRAND PRAIRIES. 


The subhorizontal Cretaceous rocks which make the chief forma-- 
tions of the Black Prairie and Grand Prairie regions overlie an older 
floor or substructure of Azoic and Paleozoic rocks. |The composition 
and structure of the latter rocks have an important bearing upon the 
conditions of underground water, for they are frequently penetrated 
by the artesian drills. 

The interior edges of the subhorizontal sheets of Cretaceous rocks 
of the prairies under discussion everywhere rest unconformably upon 
and against the Paleozoic rocks. (See Pl. XIV.) These older rocks of 
the Paleozoic floor constitute a plexus of formations ranging in age 
from Algonkian to Permian, inclusive; they are entirely different in 
stratigraphic arrangement from the overlying Cretaceous and dip at 
different angles and in different directions. 

From Arkansas west to the Missouri, Kansas and Texas Railway near 
Boggy Depot, a distance of 200 miles, the rocks are Carboniferous, or 
older Paleozoic. From Atoka westward toward Duncan, in the Chicka- 
saw Nation, they are granites, Silurian limestones, and Carboniferous 
strata. From Duncan, following the western border southward, the 
Cretaceous rocks overlie the Permian Red Beds as far south as Chico, 
Wise County, Texas. From the latter point they overlie Carboniter- 
ous rocks to Burnet County, where Cambrian and Silurian rocks again 
form the floor for a short distance. Near the Colorado they rest upon 
the Carboniferous, while west of that stream they overlap Cambrian 
formations and granite. The northern border region, in Indian Terri- 
tory, composed of the Ouachita Mountains, has been a land area since 
early Mesozoic time, and probably was never completely overlapped 
by the Cretaceous rocks. 


1See pocket maps, Pls. LXIII, LXIV. 
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The western border region, in Texas, on the other hand, was com- 
‘pletely submerged by the Cretaceous seas and is now reexposed by 
the denudation of the Cretaceous rocks which once overlay it. 


Azoic Rocks.! 


The oldest known rocks of the plexus are schists, granites, and 
crystalline limestones. Some of these may be Archean; others are 
Algonkian. They are certainly pre-Cambrian. Studies so far made 
have not been sufficient to differentiate the rocks or to determine 
finally their exact age and origin. They are now exposed in com- 
paratively limited areas at a few widely separated intervals in Texas 
and Indian Territory, between which no relation has been established. 

The old granitic outcrops adjacent to the borders of the Black and 
Grand prairies are seen in limited localities in Burnet County, Texas, 
the Wichita Mountains of Oklahoma, the Chickasaw Nation of Indian 
Territory, and the Ozark Country of Missouri. 

In the drainage valleys of the Llano and Colorado,' in Llano, Mason, 
Gillespie, and Burnet counties (the Burnet Country of the Central Prov- 
ince), erosion has stripped away layer after layer of the once overlying 
sediments and exposed older granitic rocks.” These consist of protru- 
sions into a series of pre-Cambrian metamorphic strata to which Wal- 
cott, who first pointed out their relations, gave the name of the Llano 
group, which is unconformably overlain by the Cambrian.* The Llano 
group is composed of layers of schists, quartzite, and other rocks tilted 
almost vertically and overlain by subhorizontal strata of Cambrian 
sedimentary rocks. The Llano group is of Algonkian age and prob- 
ably includes the oldest sedimentary rocks of the Texas region, which 
have been so altered and metamorphosed that remains of life have 
not as yet been found in them. The Burnet granites are clearly 
intruded into the Llano group and hence are of later age. They are 
also overlain by the Cambrian strata, and therefore are pre-Cambrian. 
There may be other granites of post-Cambrian age in the Burnet region, 
as has been asserted by Comstock, but their existence has not been 
demonstrated. The Llano schists and the Burnet granites are so inti- 
mately associated that for present purposes they will be considered 
collectively. 

Southward, in Gillespie County, the granites are overlain by the 
Cretaceous rocks of the Edwards Plateau and are reexposed in small 
areas by the incisions of the Pedernales drainage. They are also 
penetrated by well drills beneath the surface of the Cretaceous lime- 


1See Pl. LXVI. 

2Some have treated this Burnet granite outerop—the survival of an ancient configuration—as the 
remnant of primeval mountains which have stood since the earliest days of geologic time, above the 
seas which subsequently surrrounded them. This is a mistaken hypothesis, however, for these rocks 
were completely buried beneath the sediments of the Cretaceous ocean which covered them, and are 
now exposed only where drainage has cut down to them through the overlying layers of later rocks, 

3 Am, Jour. Sci., 3d series, Vol. XX VIII, 1884, p, 431. 
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stones at Kerrville and 12 miles northward, showing that the granites 
are buried for a considerable distance to the south of their present 
outcrop. No hypothesis can be formed concerning their extent to the 
north, west, and east. 

The next outcrops of supposedly fundamental granite are in Indian 
Territory and Oklahoma, some 250 miles north of the Burnet locality. 
These occur in two general localities within the Ouachita uplift, one 
of which is in the Chickasaw Nation of Indian Territory around Tish- 
omingo, and the other in the Wichita Mountains on the Comanche 
Reservation of Oklahoma. : 

The Tishomingo locality is composed of old granites, exposed in a 
low, flat, or gently arched area by the stripping away of the Silurian 
and Carboniferous strata of the Ouachita plexus which once covered 
it. They are muscovite-biotite granites, overlapped on the north and 
west by Lower Silurian (Ordovician) rocks. Further study is needed 
before any final conclusions as to age can be reached.’ The Cretaceous 
rocks of the northern edge of the Grand Prairie rest upon these-gran-_ 
ites between Boggy depot and Tishomingo. 

The granites of the Wichita Mountains, which begin 75 miles west- 
ward, are quite different in occurrence and composition. They are 
the sharp central cores of an east-west range, flanked on either side by 
Ordovician and Permian rocks, the latter made up of granitic débris. 
Whether the Wichita granites are pre- or post-Ordovician is unsettled, 
but there is a modicum of evidence in favor of the latter supposition.” 

The strike of the Wichita outcrop is east and west—a little north of 
west, or directly at right angles to the north-south trend of the 
supposed fundamental northeast-southwest axial trend, as generally 
believed. There is also a solitary granitic dike in the Cherokee Nation 
to the north of the Ouachita uplift, near Spavinaw Creek, recently 
reported by Drake.* This is a small dike cutting the Silurian strata. 

Still to the northeast granites occur at the base of the Ozark plexus 
in Missouri. The Ozark granites of the Ozark uplift, which occupy 
nearly all of southern Missouri and northwestern Arkansas, occur as 
an island in a vast area of Paleozic rocks. These granites, which have 


1Mr. J. A. Taff, of the United States Geological Survey, is now making detailed studies of southern 
Indian Territory, and his results will probably add much to our present incomplete knowledge of 
the region. 

2Since this was written a valuable paper entitled Geology of the Wichita Mountains, by H. Foster 
Bain, has appeared. (See Bull. Geol. Soc. America, Vol. II, pp. 127-144, Rochester, March, 1900.) Mr. 
Bain’s conclusions concerning the age of these mountains are as follows: 

“Jt is evident that there was a pre-Cambrian land mass of igneous rocks, and that over 
this was laid down an undisturbed sequence stretching from the Cambrian up to and ineluding the 
Trenton, Then came the main upheaval and the intrusion of the granite. Around the edge of the 
new mountains the Geronimo series was laid down. The shearing and faulting of the granite and 
the presence of greenstone dikes cutting it, with the true though slight dip of the Geronimo beds, 
indicate later disturbances of lesser degree. Since the intrusion of the granite, however, the main 
history of the region has been one of vigorous and long-continued erosion, through which the 
mechanical sediments of the Red Beds and later deposits were prepared and distributed.” 

3 Proc. Am. Philos. Soe., Vol. XXXVI, 1898, p. 338. 
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been frequently considered an Archean nucleus, haye been shown to 
be of Algonkian age. It has been generally thought that the Ozark 
uplift represented the survival of an ancient upland, but Marbut, 
Davis, Griswold, Keyes, and others who have recently given the 
region special study from both the geographic and the geologic stand- 
point, agree in regarding the uplift as it now stands as a very modern 
feature of relief, not earlier than middle or late Tertiary.' 


Paleozoic Sedimentary Rocks. 


The sedimentary Paleozoic rocks of the Texas region, constituting 
the floor of the Cretaceous formations, belong to five great systems, the 
Cambrian, Ordovician or Lower Silurian, Upper or true Silurian, 
Carboniferous, and Permo-Triassic. The Devonian may also have 
inconspicuous representation in the complex of the Ouachita Moun- 
tains of Indian Territory, but need not be considered at present. 


CAMBRIAN ROCKS. 


The oldest of these systems of formations, the Cambrian, and the 
overlying Ordovician, which, so far as known, succeed each other 


Fie. 6.—Walcott’s figure of Packsaddle Mountain. 


1. Llano group. Feet. 
Dep VL RSSUVC BE OUSG 8 Mesa] Gs LOM Come mesma ce eter ey ernie ee enn ne Meta Bee EC ety slay ee Rhcre o aie «alee wie esa bloke 205 
Se LOLSG a TRUM CSO Ona er Maser eee ae oe ee els eee AAS ai ciara mis oles eens che a Saaeeincelsemed S 310 
AE OUSG ASAT StCOME Peers serareiae esters ae Oa icles sie eo ercteltelisisivinis cis ieee eteidhes emis sie manele te. 30 
Om Ot amuEsdnl dStON Cysmmeen rae cet chine cece ose ere losnie Sc e/eiwlore aie mlclciemisicirais oayeie cee esiee 60 

605 


without break, may, for the purposes of this paper, be considered as 
aunit. These accompany and overlap the borders of the fundamental 
granite outcrops of the limited Burnet locality. The lowest and 
oldest of these is chiefly a sandstone of Middle Cambrian age with 
alternations of limestones. The second and overlying member, the 
Ordovician, is composed of firm limestone of close texture and great 
hardness. 

The Cambrian formations, which are the oldest known fossiliferous 
sedimentary rocks, occur as the summits of buttes within the general 
area of the Azoic rocks of the Burnet basin and as a rim of outcrops 


1Charles R. Keyes, in Science, April 29, 1898, pp. 588-589. 
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surrounding it. (See Pls. XIV and LXVI.) They consist of ferrugi- 
nous brown sandstones alternating with limestone, as shown in the 
following section, made in Llano County by Walcott.’ 

These rocks were originally reconnoitered by Roemer,’ and were 
further studied by Shumard,’ but Walcott * presented the first classi- 
fication, showing their unconformity upon the underlying Algonkian, 
giving measurements of their thickness, and demonstrating that they 
represent only the Middle and Upper Cambrian stages. Comstock ° 
has later given much detail of the distribution of these rocks, but has 
erroneously assigned their basal portion to the Lower Cambrian. 

Rocks of Cambrian age may also occur in the Wichita Mountains 
(Bain) and in the Arbuckle Hills of the Ouachita system, as exposed in 
Washita Canyon between Dougherty and Berwin, Indian Territory. 
The details of this latter section have not been minutely studied, but 
from fossils collected by the writer, Prof. H. 5. Williams determined 
some of probable Trenton age. 


SILURIAN ROCKS. 


ORDOVICIAN OR LOWER SILURIAN ROCKS, 


Ordovician or Lower Silurian rocks, composed of massive limestones 
and dolomite accompanied by cherts, occur in the Burnet, Wichita, 
Tishomingo, and Ozark regions. ‘These have been studied in the 
Burnet district by Roemer, Shumard, Walcott, Comstock, and the 
writer. These limestones occur principally around the peripheral 
portion of the Burnet basin, in Burnet, Blanco, Gillespie, Mason, 
Kimball, McCulloch, and San Saba counties. Their contacts with the 
overlying Carboniferous and underlying Cambrian are well shown. 
The only estimate of thickness is the section measured by Walcott,’ 
who gives 1,145 feet. 

Ordovician rocks also occur, as has been shown by the writer * and 
by Vaughan,’ in the east-west folds in the Arbuckle-and Wichita 
ranges of the Ouachita system, situated west of the Missouri, Kansas 
and Texas Railway, where they supplant as the chief mountain-making 
material the Carboniferous, which predominates to the eastward. 


UPPER SILURIAN ROCKS. 


True Silurian (Upper Silurian) rocks have not been recognized in the 
substructure of the region south of the Ouachita Mountains, although 


1Am. Jour. Sci., 3d ser., Vol. XX VIII, December, 1884, p. 432. 

2Texas, ete., Bonn, 1849; Die Kreidebildungen von Texas, ete., Bonn, 1852. 

3Trans. Acad. Sci., St. Louis, Vol. I, 1860, pp. 672, 673; Am. Jour. Sci., 3d ser., Vol. XXXII, 1861, p. 
213. 

4Am., Jour. Sci., 2d ser., Vol. XX VIII, December, 1884, pp. 432-433. 

5 First and Second Reports of the Texas Geological Survey, Austin, Texas, 1890 and 1891, 

6 Am. Jour. Sci.,3d series, Vol. XLII, August, 1891, p. 121. 

7Id., Vol. XXVIII, December, 1884, p, 483. 

8Td., Vol. XLII, August, 1891, p, 121. ®MSS. 
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they may appear. They occur in the latter, however, in the Chickasaw 
Nation, as has been shown by the writer,t where they consist of lime- 
stones. Certain limestones in the Burnet plexus, called Burnet marble 
by the writer,’ may ultimately prove to be of this age. 


CARBONIFEROUS AND PERMO-TRIASSIC ROCKS. 
EXTENT, SUBDIVISIONS, AND GENERAL RELATIONS. 


The Carboniferous and Permo-Triassic rocks of the Central Province 
of Texas and Indian Territory are of great areal extent and impor- 
tance.’ They are the principal strata adjacent to the interior borders 
of the Grand Prairie and are the buried floor upon which the Creta- 
ceous rocks of the latter are laid down, as shown in many of the 
geologic sections in this paper. 

The maximum thickness of the Carboniferous and Permo-Triassic 
rocks aggregates nearly 30,000 feet, and for convenience of discussion 
they may be for the present divided into three great provincial groups, 
as follows: 

Sekermo-lniassiGuee sas ae eee Red Beds of southern Kansas, Oklahoma, and Texas. 
JNeoshbo-Chase formation of Kansas and Oklahoma 
| and Coleman beds of Texas. 

(5. Wabaunsee and Cottonwood formations (Kansas), 
Poteau (Arkansas, Indian Territory), Cisco, and 
Waldrip (Texas). 

Cavanal (Indian Territory, Missouri, Kansas). 

3. McAlester (Indian Territory), Richland and 

Strawn (Texas). 

2. Marble Falls formation (Texas). 
1. Wapanucka limestone (Indian Territory ). 


iS 
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The upperraost of these grand divisions, the Permo-Triassic, which 
is more fully discussed on a later page, consists of beds of red clays, 
sands, and impure limestone. The Permo-Carboniferous is largely 
made up of alternations of evenly bedded yellowish limestone, shales, 
sandstones, and conglomerates, and, as indicated by its name, is a 
transitional formation connecting the Carboniferous and the Permian. 
The Carboniferous proper is composed almost entirely of impure 
shales and sandstones with coal beds, with a thick bed of limestone 
near its base in the Indian Territory and Texas. ‘These beds will not 
be discussed in detail, but some generalizations concerning their occur- 
rence as a whole will be presented. 

These formations are sediments wholly or in part derived from 
an old pre-Carboniferous Appalachian land, situated eastward of 


1Am. Jour. Sci., 3d series, Vol. XLII, August, 1891, p. 121. 

2 Am. Geologist, May, 1889, p. 3. 

3Since this chapter was written Mr. J. A. Taff, of the United States Geological Survey, has begun a 
thorough survey of the Indian Territory field, and his results will materially refine and complete the 
fragmentary knowledge we now possess of that interesting region. 
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their present outcrop,' which occupied the present site of the East- 
Central and Eastern provinces, as is more fully set forth in the see- 
tion on the geologic structure. 

The Carboniferous portion of these rocks at least has been con- 
sidered to represent the southwestern continuation of the Missouri 
and Arkansas strata of the Mississippian field, for the rocks disappear 
westward beneath later formations of the Central and Plateau proy- 
inces. Their buried westward continuation supposedly occupies a 
great synclinal trough beneath the provinces last mentioned, the west- 
ern limb of which reappears in the upturned flanks of the Cordilleras.* 


OCCURRENCE IN PARALLEL BELTS. 


The Carboniferous and Permian formations occur in a series of 
parallel belts of outcrop one succeeding another to the northwest in 
ascending series. The belts extend from southern Kansas and eastern 
Indian Territory toward south-central Texas, occupying the Central 
Province of the Greater Plains region. ‘The plications of the eastern 
or Massern Ranges of the Ouachita system are the most eastern belt, 
while the Arbuckle and Wichita ranges are plications directly across 
the strike of the more westerly belts, which are separated by them into 
northern and southern areas. 

Although the general features of some of these belts of outcrop 
may be traced from Kansas River in Kansas to the Colorado in Texas, 
a distance of over 500 miles, except where they cross the Ouachita 
trends, no attempt has been made to outline them as a whole, and the 
classification herein used must be considered temporary and_ pro- 
visional. In general, their occurrence by districts may be stated as 
follows: 

Ouachita belt.—The most eastern belt may be termed the Ouachita. 
This comprises the outcrop of the lower rocks of the Carboniferous, 
principally sandstones and shales, which compose the Massern Ranges 
of Arkansas and Indian Territory. Similar rocks outcrop at intervals 
in the Palo Pinto, Brownwood, and Smithwick districts of Texas, 
along the interior margin of the Grand Prairie. 

Muscogee belt.—Succeeding the Ouachita belt to the northwest there 
is usually a region of prairie underlain largely by arenaceous shales 
of the Coal Measures. This constitutes the prairies of eastern Kansas 
and north-central Indian Territory. In Texas the rocks of this district 
are represented along a belt through Cisco and west of Brownwood. 

Neosho belt.—This is a narrow strip of prairie country, underlain by 
yellowish limestones and shales of the Permo-Carboniferous, which 
extends from Kansas River at Fort Riley southward via Arkansas City 


1This fact is developed by J. C. Branner in Am. Jour. Sci., 4th series, Vol. IV, 1897, pp. 357-371. 

2 Carboniferous rocks also occur in the Guadalupe and other ranges of the Trans-Pecos Mountains. 
These belong to a distinet province from that of the phenomena discussed 1n the present paper, being 
separated from the latter by the Great Plains and the Central Province, 
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nearly to the Ouachita Mountains, by which it is interrupted. It 
reappears in Texas, near Albany, and extends southward via Putnam 
and Coleman to the Colorado. 

Arapaho belt.—This succeeds the Neosho belt to the westward and 
is characterized by its vermilion-red soils and substructure of red 
sandstones and clays. It extends from southern Kansas near Medicine 
Lodge (on its western edge) through Oklahoma, via Kingfisher (at its 
eastern border) and El Reno, and through a gap between the Wichita 
and Arbuckle ranges, into Texas, where it is known in its different 
parts as the Wichita, the Abilene, and the Tom Green countries. 

Canadian belt.—This succeeds the Arapaho belt to the westward, 
and is also composed of red soils, but is marked by the occurrence of 
thick beds of massive white gypsum. It extends west of Medicine 
Lodge, Kansas, southward through western Oklahoma, around the 
western edge of the Wichita Mountains, into Texas via Vernon, 
Haskell, and Sweetwater. 

These belts and districts, established upon certain geologic forma- 
tions for which the foregoing generic names are suggested, are largely 
known by different names in their different parts, as has already been 
indicated. 

The rock sheets of the Ouachita district are intensely folded and 
plicated into the east-west ranges of the Ouachita system, extending 
from Arkansas into Indian Territory. The southward continuation of 
these folds toward Red River was planed away by the erosion preced- 
ing the Cretaceous period and buried by the Cretaceous formations in 
a manner which separates the outcrops of the Carboniferous areas of 
Texas from those of Indian Territory. 

The rock sheets of the other belts have a general inclination west- 
ward and regularly succeed one another in that direction. 

The outcrops of the Red Beds proper, which are of undoubted Per- 
mian age in Texas, and the Permo-Carboniferous groups do not touch 
the Grand Prairie and Black Prairie regions except in the area imme- 
diately adjacent to the valley of Red River, being confined to the 
Arapaho, Haskell, and Abilene districts. Everywhere else the Car- 
boniferous rocks are in close proximity to the interior borders of the 
Grand Prairie. 

CARBONIFEROUS FORMATIONS, 

In Texas the belts of Carboniferous rocks may be subdivided into 
-three-local districts along the eastern half of the Central Province, 
separated from one another by overlap of the Cretaceous formations. 
These are the Palo Pinto, Colorado, and Smithwick districts. The 
Palo Pinto and Colorado districts are stratigraphically the same, their 
geographic continuity being partially broken by the overlap of the 
narrow Callahan Divide. The small Smithwick district is in the Colo- 
rado River Valley, near the corner of Burnet, Travis, and Hays 
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counties, and is cut off from the Colorado district by the intervention 
of eminences of the older Paleozoic rocks and the Cretaceous overlap 
in Burnet County. These districts are all southern analogues of the 
belts of Indian Territory. 


SMITH WICK DISTRICT. 


The southernmost area of the Carboniferous exposures in the Central 
Province is found in the southeastern part of the Burnet Country, 
southeastward of Burnet, along the Colorado, between Marble Falls 
and Travis Peak post-oflices. This outcrop is separated from the Colo- 
rado district to the north by the Burnet granite and older Paleozoic 
rocks and overlap of the Cretaceous in northern Burnet County. 

A good section of the typical locality of these rocks is exposed on a 
line along the Colorado River from Marble Falls east, the rocks dip- 
ping beneath the Cretaceous southeastward. The beds consist of about 
300 feet of shaly fossiliferous limestone (the Marble Falls limestone of 
the writer)." This occupies the stratigraphic position of, and is prob- 
ably the same as, the formation of the Colorado district to which the 
name ‘‘ Bend division” was later given by Cummins.” The limestone 
passes upward into shales and sandstones equivalent to the basal por- 
tion of the Richmond beds of the Colorado section. 

Marble Falls ltimestone.—The basement limestone over which the 
river falls at Marble Falls, a short distance down the stream, rests 
upon the Ordovician. Its upper contact with the basal shales of the 
Richland division is seen in the river banks at the falls and in the bluffs 
of Backbone Creek in the town of Marble Falls. The lake above the 
natural dam of the Colorado at Marble Falls is formed by the erosion 
of the shales down to a floor of the shaly limestones, which here dip 
up the stream. This limestone outcrops elsewhere on the southern 
and eastern sides of the Burnet Country at various places below the 
Cretaceous scarp, between Colorado River and the town of Burnet. 
It largely forms the topographic feature in the region known as the 
Shinbone Ridge, extending from Marble Falls on the Colorado north- 
ward toward Burnet. Patches are found at several places elsewhere 
in the general Burnet district, notably near Packsaddle Mountain. 

At Marble Falls and at a point about 5 miles east of that town, the 
lower limestones are overlain by shales and sandstones equivalent to 
the Richland formation of the Colorado district. The upward con- 
tinuation of the Richland formation, or that portion in which we should 
expect to find the coal beds, is concealed in the Smithwick district by 
the unconformable overlap of the Cretaceous. Borings, if made in the 

valley of the Colorado, in western Travis County, would probably 
strike the buried coal beds. 


1Am. Geologist, May, 1889, p. 3. 
2See First Ann. Rept. Geol. Survey of Texas, 1889, Pl. III. 
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The Marble Falls limestone of this district is of historic interest, 
inasmuch as it is the same that Dr. B. F. Shumard stated might 
prove upon further research to be Devonian,’ thereby suggesting the 
possibility of the existence of Devonian formations in the Texas 
region. 

In 1889 the writer visited this locality in order to ascertain the age 
of these beds. He found that the same limestone was again exposed 
2 miles northward, in Shinbone Ridge, resting against the granite. 
Between the two localities was a synclinal depression covered with 
shales and river alluvium. Collections were made at both localities 
and the opinion was expressed that the rocks were of Carboniferous 
age.” 

Later Dr. Comstock ® disagreed with the writer, in respect both to 
age determination and to stratigraphy of the rocks, apparently treat- 
ing the two outcrops of the limestone at Marble Falls and Shinbone 
as distinct formations, calling it Devonian at the former locality and 
Silurian at the latter. Subsequent studies and collections in 1895, 
1897, and 1898 fully verified the conclusion that the rocks are of Car- 
boniferous age. Fossils collected from these beds were determined 
by the best specialists to be of Carboniferous age. A report from 
the Assistant Secretary of the Smithsonian Institution in charge of 
the National Museum, made in 1891, reads as follows: 

The fossils from Marble Falls represent the Lower Carboniferous fauna and include: 
Productus semireticulatus, Productus, sp.?, Spirifera striata, Spirifera rockymontana, 
Terebratula, Aviculopecten sp.?, Bellerophon sp.?. Those from Shinbone Ridge are 
very imperfect, but they indicate the presence of the Carboniferous fauna. The 
genera Fenestella and Productus are represented. 


The following report by Dr. George H. Girty, dated November 24, 
1896, is self-explanatory: 


At the request of Mr. R. T. Hill, geologist, I have the honor of making the follow- 
ing report upon a collection of fossils from Marble Falls, Texas. The specimens in 
question were derived from a limestone at Marble Falls, and are of especial interest 
as bearing upon the question whether Devonian time is represented in the rocks of 
Texas. 

The following species haye been identified: 


Campophyllum torquium. Streblopteria herzeri? 
Cheetetes radians ? Aviculopecten cf. whitei. 
Productus semireticulatus. Aviculopecten sp. 

Productus costatus? Myalina perniformis. 
Productus prattenianus. Pleurophorus occidentalis. 
Spirifer rockymontanus. Conocardium sp. 

Spirifer condor. EKuomphalus subrugosus. 
Seminula sp. Phanerotrema grayvillensis ? 
Dielasma? sp. Phillipsia missouriensis ? 


— =o a ~ eee 


1 Trans. St. Louis Acad. Sci., Vol. I, 1860, p. 673. 
2 Quoted in First Ann. Rept. Geol. Survey of Texas, Austin, 1890, p. 250. 
3 First Ann. Rept. Geol. Survey of Texas, 1890, pp. 311-315. 
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Productus senireticulatus, P. costatus?, and Campophyllum torquium are by far the 
most abundant, while P. pratlenianus, Spirifer condor, and Conocardium sp. are also 
represented by several individuals. The remaining forms, including nearly all the 
lamellibranchs, are, for the most part, single specimens, and have not been deter- 
mined with certainty. Nevertheless, the fauna represented in the collection presents 
an assemblage of types scarcely to be mistaken. It is clearly a Carboniferous fauna. 

The Smithwick district is also interesting from the fact that it is the 
only exposure in the whole general region in which the Carboniferous 
rocks dip seaward, and may represent the coastward slope of the old 
post-Carboniferous land areas. 


COLORADO DISTRICT, 

The Colorado district of the Central Province as exposed in sections 
adjacent to the Colorado River in Brown, Lampasas, and San Saba 
counties, south of the Callahan Divide, is the typical district of Car- 
boniferous rocks of the Central Province in Texas, to which those of 
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Fic. 7.—Comparison of the Colorado River sections of the Carboniferous as determined by Tarr, Drake, 
and Cummins. 


the other districts may be compared. In this region there is exposed 
a continuous section from the Silurian rocks below, on the east, to 
the Permian above, on the west. The Carboniferous portion of this 
section has been described in its entirety by three authors—Tarr,' 
Cummins,” and Drake *“—successively. (See fig. 7.) 

The Carboniferous rocks of Texas were first reconnoitered by Roemer 
and subsequently in part by Shumard, Ashburner, and others, but 
their details and classification as a whole have been brought out more 
fully by the publications of Tarr, Cummins, and Drake. 


> 


1 First Ann. Rept. Geol. Survey of Texas, Austin, 1890, pp. 201-203. 
2Loc. cit.; also Second Ann. Rept. Geol. Survey of Texas, 1891. 
’Fourth Ann. Rept. Geol. Survey of Texas. 
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The entire series of the Carboniferous and Permo-Carboniferous 
beds of this section, from the underlying Silurian to the overlying 
Permian, was divided by Tarr into six formations, called ‘‘ divisions,” 
based upon lithologic and stratigraphic characters,* as follows: 


Thickness in feet. 
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Basal limestone. 


Tarr’ first observed the broad fact that the rocks comprising these 
divisions were groupable into three great lithologic categories, a 
lower group of more massive limestones, a middle group of sand 
and shale, sandstones, conglomerates, etc., and an upper group of 
limestones. 

Basal limestone.—This division, which Tarr recognized but did not 
name, consists for the most part of massive, hard limestone, but at 
the top there is usually a bed of black clay shale. This rests upon 
the Ordovician rocks, forming a narrow belt on the north and north- 
east of the Burnet area. 

Tarr gave no name to this lower formation, but it may probably be 
the same as that of the Smithwick Country which had been previously 
called the Marble Falls limestone® and which was later called by 
Cummins* the ‘‘ Bend division.” Tarr referred this lower limestone 
group to the ‘‘sub-Carboniferous” period upon the evidence of a fossil 
goniatite determined by Prof. Alpheus Hyatt. He stated that it con- 
sisted almost entirely of crystalline limestone with beds of calcareous 
shales occurring beneath the Upper Carboniferous beds and resting 
uncomformably upon the older Silurian rocks. In the later Texas 
reports’ the thickness of this limestone is placed at 360 feet. 

The strata of the overlying divisions are said to be unconformable 
with this, but conformable to one another, which conditions are shown 
in the map and sections accompanying Drake’s report. According to 
the last-mentioned authority, the strike of the basal limestone is nearly 
at right angles to that of the overlying beds. More field work is 
necessary, however, to fully establish this conclusion. 

The Richland, Milburn, Brownwood, Waldrip, and Coleman divisions 
of Tarr® (later called the Strawn, Canyon, Cisco, and Albany divisions 
by Cummins) constitute the plexus overlying the Marble Falls lime- 


1The thicknesses cited are those given by Drake: Report on the Colorado coal field of Texas, by 
N. F. Drake and R. A. Thompson, Austin, Texas, September, 1893. 

2A preliminary report on the coal fields of the Colorado River, by Ralph S. Tarr: First Ann. Rept. 
Geol. Survey of Texas, 1889, Austin, 1890, pp. 201-233. 

3See Geological story of the Colorado River: Am. Geologist, May, 1889. 

4First Ann. Rept. Geol. Survey of Texas, 1890. 

5Second Ann. Rept. Geol. Survey of Texas, Austin, 1891, table on page 361, 

6Second and Third Ann. Repts. Geol. Survey of Texas, 1891. 


21 GEOL, PT T—O01——7 


98 BLACK AND GRAND PRAIRIES, TEXAS. 


stones, and are distinguishable from one another by lithologic and 
faunal characteristics, as follows: 

Richland division.—Beds of sharp-grained, moderately hard, even- 
textured sandstone, alternating with beds of blue clay. Conglomerates 
and shales are not abundant, and limestones are of rare occurrence. 
Thickness, 4,000 feet. 

Milburn beds.—TVhe Milburn division, as originally defined by Tarr, 
consisted of local impure deposits which are now included with the 
Brownwood division. At the close of the Richland subepoch, as shown 
by the clays of the Milburn beds, there was a slight subsidence of the 
sea floor, so that deeper sea deposits were laid down. 

Brownwood division (Canyon division of Cummins).—Alternating 
beds of rather rough, even-textured, bluish limestone, blue clay, some 
sandstone and conglomerate. Thickness, 800 feet. 

Waldrip division.—Beds of blue clay which are shaly at some 
localities, and of sandstone, usually conglomeratic and often a pure 
conglomerate. In the Waldrip division there is a commingling of 
material, indicating varying conditions of deposition. Accumulated 
vegetation, clay, sandstone, and conglomerate of coast deposits in 
quiet and turbulent waters, grading upward into deeper deposits of 
limestones, all enter into the general make-up of this division, and 
record it as a time of many changes. The irregular eroding and over- 
lapping of some of the included beds also mark sudden and irregular 
changes. Thin-bedded limestone and some coal. Thickness, 800 feet. 

Coleman division.—Massive beds of blue, gray, and yellowish col- 
ored limestone, alternating with beds of blue clay and black or gray 
shale. Sandstones and conglomerates are almost entirely lacking. 
The beds of the Coleman division are more regular and persistent 
than those of the preceding divisions. The limestones are thicker and 
the marine fauna is more abundant, indicating a deeper sea and more 
regular conditions of deposition. In this part of the field the limestone 
beds regularly thin to the north and seemingly to the south from the 
Colorado River, clay or marls sometimes replacing them. Thickness, 
1,200 feet. 

PALO PINTO DISTRICT, 

The Carboniferous rocks of Texas lying north of the Callahan 
Divide, as previously stated, are a continuation of strata of the Colo- 
rado section, differing from them chiefly in variations in thickness of 
the strata and by the fact that the basal portion of the section is con- 
cealed by a greater overlap of the Cretaceous formations to the east- 
ward. The rocks of this district were described, defined, and classified 
into divisions synonymous with those of the Central Province by 
Cummins. According to him' the thickness of the beds in this proy- 
ince is ‘tthree thousand seven hundred and forty feet, by actual 


1Second Ann. Rept. Geol. Survey of Texas, Austin, 1890, p. 369. 
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measurement on a line run from the upper part of the measures 
at the northeast corner of Throckmorton County to the west line of 
Hood County.” The sectionas thus stated is given from above down- 
ward and against the dip, which is to the west. The lower beds of 
the section are at the west line of Hood County and the upper beds 
at the northeast corner of Throckmorton County. 

This section by Cummins does not represent the entire thickness 
of the Carboniferous series, for these continue downward from 1,500 
to 3,000 feet lower than the base of Cummins’s section, beneath the 
overlap of the Cretaceous formation of the Grand Prairie region to 
the eastward. The deep artesian well at Fort Worth, 40 miles from 
the nearest Carboniferous outcrop, after passing through 1,200 to 1,400 
feet of Cretaceous, penetrated nearly 1,500 feet of Carboniferous 
strata. 


CARBONIFEROUS ROCKS OF THE NORTHERN BORDER REGION. 


In the Ouachita and Muscogee districts the relations of the beds 
which initiate the Carboniferous proper to the Marble Falls and Bend 
limestones of the base of the Texas sections can not be stated at pres- 
ent. The basal Carboniferous of the Ouachita and Muscogee districts 
is succeeded by shales and sandstones, which in a general way are the 
equivalent of the Richland formation of Texas. In the Ouachita dis- 
trict the beds are intensely folded. The chief characteristic of the 
Indian Territory section of the districts mentioned is its tremendous 
thickness in comparison with that of Texas, which leads to the belief 
that a previous and at present inexplicable pre-Carboniferous topo- 
graphic barrier in some manner separated or partially separated the 
deposition areas of Texas from those of northern Indian Territory in 
Carboniferous time. 

The Eocarboniferous, which may be absent in Texas, is well repre- 
sented at the base of the series in Indian Territory, although, so far 
as the writer is aware, it has not been detected in the Ouachita dis- 
trict. No strong line of demarcation is found between the Eocar- 
-boniferous and the Carboniferous. According to Drake the latter in 

its entirety consists of shales, grits, and sandstones, attaining, the 
enormous thickness of 24,500 feet. 

The Muskogee section is divided by Drake’ into the Lower and 
Upper Coal Measures, but to all intents and purposes it is practically 
a continuous formation. These beds homotaxially are equivalent to 
the Richland, Brownwood, and Waldrip divisions of the Texas section. 


PERMO-CARBONIFEROUS STRATA, 


Throughout their extent in Kansas, Indian Territory, and Texas 
Fan) * 
the western outcrops of the Coal Measures proper grade up without 
(a5 


1Proe. Am. Philos. Soc., Vol. XXXVI, 1898, p. 361. 
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break, so far as is known, into beds marked by the appearance of 
considerable thicknesses of limestone and of certain species associ- 
ated with the Carboniferous fauna which have been referred to the 
Permian. These beds are shales, massive sandstones, conglomerates, 
and limestones, aggregating 1,500 feet (more or less) in thickness, of 
the type of those of the Neosho-Chase section of Kansas. These beds 
have been well studied in Kansas by Prosser, but little investigation 
has been made of their continuation south into Indian Territory. 
They are homotaxially the equivalent of the Coleman formation of 
Texas. In Texas the sedimental change indicating this formation is 
noted in the beds at the base of Tarr’s Coleman division, which are 
included in the top of the Cisco division of Cummins and Drake. 
These transitional beds, for which, in the absence of a more satis- 
factory classification, the name Permo-Carboniferous may be provi- 
sionally retained, have a thickness of 1,500 feet in Kansas at the 
northern end of their strike, and 1,200 feet along the Colorado River 
of Texas. Their relation to the Ouachita uplift has not been-studied 
or made out. 

They uniformly occur in a belt along the western margin of the 
main bodies of the Carboniferous formation of the Muscogee, Palo 
Pinto, and Colorado districts, but do not occur in the Smithwick and 
Ouachita districts. They grade, so far as known without break, into 
the true Red Beds. 

No Upper Carboniferous or later Paleozoic rocks have yet been 
discovered on the coastward (eastern and southern) side of the general 
Carboniferous area. 


PERMO-TRIASSIC RED BEDS 


EXTENT AND SUBDIVISIONS. 


So far as known, the Permo-Carboniferous formations of the Central 
region, in southern Kansas, Indian Territory, and Texas grade upward 
without break into a series of sediments which have been spoken of 
throughout this report as the Red Beds, but which, in order that they 
may have a definite geographic name, might be defined as the Brazos 
series.! This embraces all those rocks of Texas, Oklahoma, Kansas, 
and eastern New Mexico between the top of the conformable Coleman 
division of the Carboniferous beds below to the base of the unconform- 
able Cretaceous above. The beds of this series have been called by 
various names in literature, such as Jura-Trias,” Permian, ete. 

These rocks underlie all the western half of the Central Province 


1 This name is selected on account of the development of these beds along the course of the Brazos 
River. 

2Inasmuch as in the whole of the Texas-New Mexican region east of the Rocky Mountains no eyi- 
dence has been found that any of these beds are of Jurassic age the term Juratrias is not only inap- 
propriate but misleading. It has been shown that by far the greater part of these beds is of undoubted 
Permian age, possibly succeeded by a thin Triassic formation. The term Permo-Trias is far more 
appropriate therefor if a compound name in necessary. 
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west of the Neosho belt, approximately the ninety-ninth meridian, 
from its northern boundary in southern Kansas to its southern border 
near the thirty-first parallel in southern Texas, where it is overlapped 
by the southern scarp of Edwards Plateau. They also underlie the 
Plateau of the Plains, forming beneath its cap a foundation of older 
rocks, and are reexposed in the valleys of the Canadian and Pecos of 
New Mexico. ‘They likewise occur in the perimeters of the bolsons of 
Trans-Pecos Texas and New Mexico. 

In general, the Red Beds consist of red clays, sandstones, occasional 
impure limestone, some conglomerate, and great beds of gypsum, 
occurring both in strata and as impregnations. Above all, they are 
distinguished by the flaring red tones which give to the rocks, soil, 
and topography of the region in which they occur a peculiar vermilion 
color. 

The Red Beds of the Central Province haye been noted and com- 
mented upon since the earliest days of exploration, and many descrip- 
tions of them are found in literature. The writer has passed over 
them many times and has always insisted that their ultimate classifica- 
tion would depend upon a special series of studies accompanied by 
detailed stratigraphic work. He has not time in the preparation of 
this volume to go into extensive historic researches concerning the 
evolution of knowledge on this subject. It can be stated in a general 
way that the Red Beds of Texas were, so far as the writer is informed, 
first mentioned by Falconer,* and that their Triassic age, based upon 
the former’s observations, was first suggested by Roemer;” that de- 
tails of the stratigraphy and subdivisions were first given by Stolley,® 
and that their undoubted Permian age was proved by Boll,* Cope,’ and 
White.’ Prof. Jules Marcou’ described these formations in Indian 
Territory (Oklahoma) and the Canadian Valley of the Pan Handle of 
Texas, but his observations never extended south of the Canadian 
Valley. 

The work of the late Texas Geological Survey, especially the care- 
fully detailed sections by Cummins and Drake,* is the final step by 
which we are permitted to form an idea of the stratigraphy of the 
beds as a whole. The previous condition of knowledge concerning 
them, with the exception of the observations of Falconer and Stolley, 
are set forth in Bulletin No. 45 of this Survey. 

The Red Beds as a whole are divided by the Texas survey ° into two 
age groups alleged to be separated by an unconformity, the lower of 


1Jour. Royal Geog. Soc. of London, Vol. XIII, 1843, pp. 199-226. 2Texas, ete., Bonn. 

’The Texas Immigrant and Travelers’ Guide Book, by J. de Cordova, Austin, 1856, pp. 49-58. 

4Am. Naturalist, Vol. XIV, 1880, p. 684. 

5 Prof. E. D. Cope published many papers on the vertebrate fossils of the Permian beds of Texas, and 
sent out the early expeditions of Boll and Cummins. 

®6The Texas Permian and its Mesozoic type of fossils: Bull. U. S. Geol. Survey No. 77,1891. 

7Geology of North America, Zurich, 1858. 

8Second Ann. Rept. Geol. Survey of Texas, 1890, pp. 350-436. ® Loe. cit., pp. 350-436. 
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which is called the Permian and the upper the Triassic. The former 
(which constitute an overwhelming proportion of the whole) is subdi- 
vided by Cummins into three divisions—Wichita, Clear Fork, and 
Double Mountain, in ascending series—while the few feet of strata of 
the alleged Triassic are called the Dockum formation. 


THE PERMIAN. 


Wichita formation.—Vhis is described as being composed of sand- 
stones, clays, and a peculiar conglomerate. There are no limestones 
in it from bottom to top. ‘The sandstones are of various colors. The 
clays are red and bluish. Red clays or iron concretions exist in great 
abundance. The peculiar conglomerate is composed of clay or clay 
ironstone in a ferruginous matrix. The Wichita formation does not 
extend south of the Brazos, and its thickness is placed at 2,000 feet. 

Clear Fork formation.—This is the name given to the middle division 
of the Permian strata. It is composed of limestones, clays, shale beds, 
and sandstones. The limestones are mostly magnesian and carbon- 
aceous. The sandstones are not so abundant as in the Wichita beds 
and are not so massive, but are generally thin bedded. The clays are 
blue or red, the red occurring in thick, heavy beds. The conglomerate 
is similar to that found in the Wichita formation, but not so abundant. 
Toward the top the sandstones become more shaly and the clays more 
sandy. There are also some beds of gypsum, but not in so great 
abundance as found in the Double Mountain formation. The forma- 
tion occurs immediately west of the Wichita formation as far south as 
the Brazos, and is then found resting upon the Coleman or Permo- 
Carboniferous throughout its continuation to the south of the latter 
stream. 

Double Mountain formation.—The Double Mountain formation is 
composed of sandstones, limestones. sandy shales, red and bluish 
clays, and thick beds of gypsum. The limestones are generally of an 
earthy variety, containing casts of fossils. The gypsum beds are numer- 
ous, and many of them are very thick. All the clays and shales are 
impregnated with gypsum, and many of them carry a large percent- 
age of the sandstones, and are generally very friable and of various 
colors—red, white, and spotted. These beds have a thickness of about 
1,900 feet. 

These divisions do not appear to be clearly marked stratigraphically, 
and probably represent continuous sedimentation. The Double Moun- 
tain beds are preeminently the great gypsum formation, although this 
mineral appears in the underlying divisions. 

These beds cross Red River into southern Indian Territory, where 
they surround the Wichita Range. In this vicinity they are composed 
of the débris of the rocks of the Wichita Mountains, as shown by 
Mr. Vaughan. They pass north around the western and eastern ter-- 

\ 
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mini of these mountains into the Oklahoma and southern Kansas dis- 
tricts, being well exposed in the Medicine Lodge region of Kansas. 
In this region the Red Beds conform lithologically with the Double 
Mountain divisions of Texas, and considerable doubt has been expressed. 
as to their age, many authorities considering them Triassic.* 

It is not within the writer’s province to harmonize the diverse opin- 
ions whereby these beds are considered Triassic in Kansas and Permian 
in Texas. It is sufficient to say that the formations are identical and 
continuous between the two localities, and that they are Permian in 
Texas. 

THE ALLEGED TRIASSIC. 

The overlying Dockum beds,” occurring as thin, fragmentary rem- 
nants of a formation between the Permian and Cretaceous and the 
Permian and Plains Tertiaries, along the eastern breaks of the Llano 
Estacado, have been described in detail by N. F. Drake* as consisting 
of sandstones, conglomerate, and clays. This material varies in 
lithologic characters at different localities, and is so different from the 
underlying Permian and overlying Cretaceous or Tertiary that it is 
usually easily recognized. 

The writer must confess, after much observation and careful perusal 
of the descriptions of others, that the Red Beds of the Texas region 
still require extensive study before they can be fully interpreted. 


SUMMARY OF THE HISTORY OF THE PALEOZOIC ERA. 


From the foregoing data it is evident that the underlying floor of 
the Cretaceous formations is a vast group of strata which record an 
interesting geologic history involving long periods of sedimentation 
and many changes in the configuration of the land. 

Concerning the earlier Archean, Algonkian, and Cambrian history 
but little is known. The Cambrian sandstones of the Burnet region 
were derived from an old Algonkian near-by land. Its extent, how- 
ever, is completely veiled by the overlying formations. The history 
of the Cambrian and Ordovician sea areas Is likewise obscured, although 
we know that this sea did exist in central Texas and Oklahoma and 
Missouri, to the east and south. The probable absence of the upper- 
most Silurian, Devonian, and Kocarboniferous in the Texas districts, 
especially the Burnet district, strongly suggests that after Ordovician 
time there was a continued and increased land area in that region. 

The Carboniferous formations, composed of land-derived sediments, 
attest the existence of great land areas in their proximity, from which 


1These opinions are summarized by Prosser in the Kansas University Quarterly, Vol. VI, No.4, 
October, 1897, p. 150. 

2Named in the First Ann. Rept. Geol. Survey of Texas, Austin, 1890, pp. 189, 190. 

8Third Ann. Rept. Geol. Survey of Texas, Austin, 1891. 
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these sediments came, and it is evident that this land lay largely to 
the south of the Ouachita Mountains, toward the Gulf of Mexico, in 
the direction of the present Coastal Plain. There are certain pecu- 
liarities in the thickness and attitude of these rocks which are difficult 
to interpret with our present knowledge, especially the great varia- 
tions of thickness and composition of the formations in the Indian 
Territory and Texas provinces. The thickness decreases from 24,500 
feet in the former to 5,411 feet in the latter. Furthermore, lime- 
stones, which are relatively few in the Indian Territory section, 
become abundant and conspicuous in Texas. These facts attest 
differences in the contemporaneous geography concerning which we 
have not as yet sufficient knowledge to make an intelligent inter- 
pretation. The belts of Permo-Carboniferous and Permian strata 
west of the main Carboniferous area and their lay relative to the latter 
suggest that geographic changes were going on even during the 
Carboniferous period, after the close of which the later uplifts of the 
Ouachita system of mountains were developed. ~ 

From known facts it is presumable that these mountains are but the 
later cumulative effects of certain orogenic action, which had pre- 
viously given rise to similar mountain systems in approximately the 
same positions. There is some reason for suspecting that the western 
groups of the Ouachita system, the Wichita and Arbuckle ranges, 
existed as mountain systems previous to the Carboniferous epoch, 
and that during the Carboniferous epoch these were degraded, for the 
Permian sediments at least are composed of their débris. 

The Massern or eastern division of the Ouachita system, including 
the ranges east of the Tishomingo granitic area, are apparently the 
most northern marginal folds of what was once a more extensive 
mountainous complex southward, the former extent of which in the 
latter direction had been planed away by marine base-leveling during 
Triassic and Jurassic time preparatory to the invasion of the Cretace- 
ous seas which covered their former extent with oceanic sediments. 
The trend of the western end of the Massern Ranges is not east and 
west, conformable to the direction of the Ouachita system as a whole 
and to the western or Wichita division, but at the ninety-sixth merid- 
ian is deflected southwestward, in a direction which would carry its 
Texas extension beneath the Grand and Black prairies, and it may be 
possible that certain slight deformations in the surface of the latter, 
as explained on a later page, are due to the presence of this old oro- 
graphic basement. The occurrence in the Smithwick district of the 
Carboniferous rocks, on the coastward side of the Burnet area, may 
or may not indicate a southward reexposure of this buried line of 
post-Carboniferous folding. 

It is also probable that the Burnet district of Algonkian, granitic, 
Cambrian, and Ordovician rocks represents a buried pre-Cretaceous 
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orogenic area or elongated dome which extends south and has an 
east-west trend toward the Balcones scarp line and west to the Pecos. 
The displacement along the Balcones fault may be due to the adjust- 
ment of the coastward load of sedirments to this ancient fundamental 
Teature. 

A volume of unwritten and uninterrupted history presents itself 
when we consider the Permo-Carboniferous and Permian beds of the 
great Central Province. Their strike in a more uniformly north-south 
direction than the Carboniferous rocks which they border, their com- 
position and occurrence in a great central basin entirely west of 
the main areas of the Coal Measures, and the absence of the Permian 
strata within the Carboniferous area indicate that the configuration to 
the east was changing by degradation during their deposition. 


AND PRAIRIES, TEXAS. 
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CRETACEOUS ROCKS. 
Introductory Statement. 


The Cretaceous formations are by far the most important in Texas, 
both in area and in economic value. Their composition produces cer- 
tain features of value toman. Their texture and stratigraphic arrange- 
ment in the Black and Grand prairies is conducive to transmission or 
retention of underground waters and results in most extensive and 
prolific artesian-well systems. They supply the most valuable soil, 
building material, stone, lime, and cement of all the formations, and 
in one instance are the source of valuable oil fields. It is therefore 
necessary to give a thorough description of these rocks, including their 
composition, texture, thickness, arrangement, distribution, and classi- 
fication. They have been briefly and technically described in previous 
writings of the author’ and others, but will now be treated in greater 
detail, in order that they may be more readily recognized and that a 
knowledge of them may be of service to the public. 

The facts concerning the structure have an important economic 
application, for they enable one to predict to a degree of certainty 
within a few feet the depth of any water-bearing stratum. This 
knowledge is of incalculable financial value to all communities within 
the vast region under discussion. To make plain these facts certain 
illustrations are presented, which include a geologic map, vertical 
sections, cross sections, photographic reproductions of the rocks, and 
illustrations of fossils characteristic of certain beds. 

The geologic map (PI. LX VI), which is on a scale of 10 miles to the 
inch, shows the area of the outcrop of each formation, so far as known 
to the writer. The underground continuation, or embed, of the more 
important rock sheets, as made known by the records of the artesian 
wells, is indicated on the artesian-well maps (Pls. LX VII, LX VIII, 
LXIX). The records of the wells have proved invaluable as aids in 
the analysis of the general structure and sequence of the rock sheets 
in regions where they are not exposed at the surface. 

Numerous local vertical sections convey exact information concern- 
ing the detailed character of the formations in particular localities. 
The cross sections (see Pl. LXIX) extend across the Black and Grand 
prairies from their interior Paleozoic border to the Eocene forma- 
tions on the east. They reveal the entire sequence of the Cretaceous 
formations, their variations, and the outcrop or depth of embed of 
any particular formation at any point they touch. These sections 


are shown on PI. LXVII. 


1See Am. Jour. Sci., April and October, 1887; Am. Geologist, January, February, 1890; Rept. Geol. Sur- 
vey of Arkansas, Vol. II, 1888; Rept. Geologist of Texas, 1890; Bull. Geol. Soc. America, Vol. II, 1891; ibid., 
Vol. V, 1894; Report on the Artesian and Underground Waters of Texas, 1892; Geology of portions of 
the Edwards Plateau and Rio Grande Plain, ete.: Eighteenth Ann. Rept. U.S. Geol. Survey, Pt. IT, 1898, 
pp. 193-322. 
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General Occurrence and Relations. 


The Cretaceous rocks, except where locally veiled by alluvium, form 
the entire surface of the Black and Grand prairies, the Cross Timbers, 
Edwards Plateau, Stockton Plateau, and much of the interior portion 
of the Rio Grande Plain. (See Pl. II, B.) They also form a large part 
of the mountain masses of Trans-Pecos Texas. Remnants of these 
formations are scattered over the Central Province. The Tertiary for- 
mations of the plains and of the Fayette and Coast prairies are largely 
made up of their débris. The strata extend from Texas into Arkansas 
and continue east in the Atlantic Coastal Plain of the Eastern and 
Southern States and southward into Mexico. They formerly extended 
northwest and west into the Great Plains and Rocky Mountain 
regions. 

The outcrops of the Cretaceous formations of the general Texas 
region, of which those of the Grand and Black prairie regions are a 
part, may be classified geographically into two general groups, viz: 
(1) Those of the main area, or central belt, which is a wide stretch 
across Texas from the Ouachita Mountains of southwestern Arkansas 
and Indian Territory south through central Texas to the Pecos and 
Rio Grande. This includes the Black and Grand prairies, the interior 
margin of the Rio Grande Plain, the Edwards and Stockton plateaus, 
the Callahan Divide, and the scarps of the plains northward to the 
head of Double Mountain Fork of Brazos River. (2) Those of the 
outlying areas‘ in the Great Plains and the Cordilleran Province. The 
present paper is concerned with only that portion of the main area 
which is north of the Colorado and within the Cross Timbers and the 
Grand and Black prairies of Texas and southern Indian Territory. In 
this Main Texas area a more complete sequence of the different beds 
of the Cretaceous section is exposed than elsewhere, and hence it may 
be regarded as a standard of comparison for the outlying provinces in 
New Mexico, Trans-Pecos Texas, Oklahoma, and Kansas, whose beds 
present variations therefrom. 


Character and Origin of the Rocks. 


The Cretaceous rocks are of various kinds, but are chiefly limestones 
and marly clays. They include sands of all degrees of fineness, from 
small conglomerate to very fine particles; clays, which are sometimes 
arenaceous, and again calcareous; and limestones, which are either 
great agglomerates of shell or fine chalky material organically extracted 
from the sea water. The rocks are largely of whitish or chalky colors, 
although there are exceptional beds composed of ferruginous sands 
and bituminous clays. 


1For a summary of the geology of these outlying areas, see Am. Jour. Sei., September, 1895, 3d 
series, Vol. L, pp. 205-234, and July, 1897, Vol. IV, pp. 43-50. 
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All the Cretaceous rocks of the Texas region are old marginal 
sediments of the ocean deposited in the sea as it invaded a preexisting 
land from east to west across the entire Greater Texas region and 
extended from north and west over portions of the present Great Plains 
and Rocky Mountain region, from coastward of the present eastern 
border of the Black Prairie region north to the Ouachita Mountains in 
Indian Territory and around or through gaps in their western end as 
far north as southern Kansas and as far west as northeastern New 
Mexico, El Paso, and Sonora, in Mexico. Properly speaking, these 
rocks represent the sediments of two such invasions of the sea, the 
first in the Lower and the second in the Upper Cretaceous epoch. 
The rock sheets were thus spread over the entire region by the 
encroachment of the ocean upon the land, and some were once con- 
tinuous from east of the present Black Prairie region northwest over 
the entire Central and Plains provinces. The present outcrops in the 
Grand and Black prairies represent remnants of rock sheets which 
once extended much farther west, where they have been largely eroded 
from the Central Province. ‘Their eastward continuations are embed- 
ded by the successivelv later strata. 

The different materials above mentioned composing the rocks do not 
succeed one another abruptly, but so grade into one another that the 
passage from a conglomerate to a sand, a sand to a silt, a silt to an 
arenaceous clay, an arenaceous clay to a calcareous clay, and a cal- 
careous clay to a chalky limestone is gradual. 

The material of these rocks is both land and sea derived. It repre- 
sents ocean-deposited débris of lands which occupied the area dur- 
ing Jurassic time and were baseleveled by erosion and subsidence 
as the sea invaded them, and the débris of marine organisms, their 
skeletal parts, which were extracted by living animals from the sea 
water. 

In general the sands are near-shore deposits, such as are seen to-day 
on most ocean beaches. The finer sands were carried a little farther 
seaward than the coarse material. The clays are the lighter débris of 
the land, which were laid down a little farther from the land border; 
and so on through the various gradations to the chalky limestones, 
which largely represent oceanic sediments deposited in relatively purer 
waters farthest away from the land. The limestones are not all chalky. 
Some are agglomerates of shells of animals which inhabited the sandy 
or muddy bottoms; others are old beach wash. The vast numbers of 
sea shells occurring upon the mountains and prairies of Texas have 
not been transported, as some people believe. Save that they have 
been subjected to general regional uplift whereby the sea bottom was 
converted into land, they are now in the exact locality where they 
lived and flourished, and the clays and limestones in which they are 
buried were once the muds of the old ocean bottom. 
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In the progress of the ocean’s margin across the Texas region during 
the Cretaceous period the shore line moved in as the land subsided, 
and was not the same for any two subepochs of the Cretaceous period, 
as will be more fully set forth in the descriptions of the structure. 


Succession of the Rocks. 


The traveler across the Black and Grand prairies along the line of 
the cross sections (Pl. LX VII), starting at the interior or Paleozoic 
borders and passing eastward to the Tertiary border, encounters a 
definite sequence of strata in ascending series, which is more or less 
similar in all sections, although presenting minor variations, which 
will be further amplified in descriptions of the formations to be given 
later. 

In general the following sequence occurs, as exemplified on Pl. XVI 
and in a section from western Parker County to east of Corsicana (see 
Pl. LXVII, section DD). The lowest Cretaceous formation (1) resting 
on the Paleozoic rocks and outcropping at the surface in the belt of 
Western Cross Timbers consists of loose beds of friable sand (locally 
‘alled pack sand), with a few pebbles at its base (the Trinity sands). 
These sands pass upward into (2) light-colored arenaceous clays and 
marls in which alternating layers or beds of firm limestone of varying 
texture and thickness gradually appear. The marls and limestones are 
the Glen Rose beds. Another thick bed (3) of pack sand (the Paluxy 
sands) succeeds the Glen Rose beds. The outcrop of the Paluxy 
sands is covered with timber. Above the Paluxy sands are (4) clays 
alternating with thin limestones, usually accompanied by vast numbers 
of fossil oysters. These, the Walnut beds, pass upward into (5) white 
chalky limestones (the Comanche Peak beds). which are very fossiliter- 
ous and which usually constitute lower slopes of the escarpment of flat- 
topped mesas or plains. The Comanche Peak beds are distinguishable 
from the succeeding bed (6) of white chalky limestone (the Edwards 
limestone) only by the superior hardness of the latter, which is the 
rock of the numerous flat-topped buttes of the western border of the 
Grand Prairie and in which, at least south of the Brazos, are numerous 
beds of flint. The limestone, which is not very thick along the section 
under consideration, is succeeded to the east by another groupof beds 
making the surface formations of the dip plains of the Grand Prairie 
between the western scarp rock and the Eastern Cross Timbers and 
consisting of alternations of marls and indurated layers of limestone. 
The lowest beds of this group consists of (7) darker-colored clays (the 
Kiamitia clays) containing great quantities of another fossil oyster. 
Above these appear more bands of limestone strata (8) of a chalky 
white color, alternating with clays (the Duck Creek formation) in which 
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huge ammonites a foot or more in diameter are found. Near the top 
of these alternations of marls is a group (9) of whitish limestone beds 
(the Fort Worth limestone) in which limestones and marls alternate with 
great regularity. Fort Worth is built on this formation. Above the 
Fort Worth limestone are beds (10) known as the Denison beds, which 
are mostly composed of clays, with frequent hard layers of impure 
limestone. These have ferruginous colors, such as chocolate, brown, 
and red, instead of the whitish lines which mark the preceding for- 
mations. The Denison beds pass into the western border of the Eastern 
Cross Timbers, where they are succeeded by another sandy timber- 
coyered formation (11), the Woodbine, consisting of loose brown sand 
somewhat resembling the Trinity sands lying at the base of the whole 
section, but differing in particulars which are elsewhere described. In 
the upper part of these sands thin layers of blackish bituminous clay 
begin to alternate with the sand. Gradually the sand decreases and the 
clay increases until the latter makes the entire formation (12), the Eagle 
Ford. With the initiation of these black clays prairie lands again 
appear. The clays finally pass upward into a great formation of 
chalky limestone (13), the Austin chalk. This formation, upon which 
the city of Dallas is located, is some 500 feet thick. The chalk in turn 
passes upward into marly clays of great thickness, consisting in their 
lower part of unctuous, laminated, light-blue and yellow clays (14) 
which are known in Texas as ‘‘joint clays,” and which we shall call 
the Taylor marl. These clays underlie the main Black Prairie for a 
distance east of the longitude of Dallas. The whole of the Black 
Prairie east of the Austin chalk is composed of soft, unconsolidated 
beds, but those above the Taylor marl are characterized by sandy layers, 
alternating with the clays, and especially by minute specks of glau- 
conite. The sands and clays of this character, which constitute the 
final formations of the Cretaceous, are found along the eastern margin 
of the Black Prairie and may be called the Navarro beds (15). The 
Navarro beds are blacker and more arenaceous than the Taylor marl. 
The small laminz of glauconitic sand in the Navarro beds give to 
them a greenish-yellow color in places. There are also some thin 
indurated bands of glauconitic sandstone and chalk marl in their upper 
portion. 

The rock sheets along this section have an aggregate thickness of 
nearly 4,500 feet, but this thickness varies in different cross sections, 
owing to the thickening or thinning of the individual beds. 

These rock sheets are apparently so flat and have such a superficial 
resemblance to one another that at first little difference is observed 
among them; all the clays may look alike, as well as the limestones 
and sands, but closer study shows that each particular stratum has 
many well-marked points of difference. 

Fossiliferous zones.—The most conspicuously distinguishing features 
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of the beds, especially of the limestones and clays, are the numerous 
fossil shells which weather out of them and lie strewn upon the sur- 
face. (See Pl. XVII.) Some of the shell beds are very conspicuous, 
making almost the entire material of the rock, such as those compos- 
ing the oyster hill at Weatherford. Oysters of many species—coiled 
spirals of the ammonite family, many echinoids or fossil forms of the 
star-fish family, and numerous other forms—can nearly everywhere be 
found, except in the sandy beds, and in some places even in these. 
(See Pls. XXI, XXIV, XXV, XXVI, XXXIII, XXXIV, XXXV, 
XL, XLIV, XLVI, XLVI.) The careful student, and especially 
the trained paleontologist, will find these fossils invaluable guides in 
determining the position of the formations in the general series, for 
they consist of many kinds or species, each of which is limited to some 
one particular formation or to a limited range in a series of strata. 


Classification of the Rocks. 
NOMENCLATURE. 


Upon further consideration of these various beds or strata they are 
found to be divisible into two great groups or series (see Pl. XVI, 
p. 110), each of which in turn is composed of many beds of rock. 
The lower of these series begins with the Trinity sands and ends with 
the Denison beds, and has been named’ the Comanche series, after 
the town of Comanche, where the writer, when a boy, first studied 
these formations. The upper series begins with the Woodbine for- 
mation and extends through the Navarro beds; this has been termed 
the Gulf series. Each of the series represents a complete cycle of 
sedimentation and is initiated by an arenaceous littoral terrane—the 
Comanche series by the Trinity sands, the Gulf series by the Wood- 
bine sands. Each cycle of sediments is the result of continuous 
(unbroken) deposition during a time when the sea occupied the 
region. 

Logically each series is one continuous formation in the broader sense 
of that word, which means the continuous product of one uninterrupted 
geologic event. The individual beds are the stratigraphic units which 
collectively compose these formations. Usage, however, has decreed 
that the term ‘‘ formation” shall be employed otherwise than in its 
logical sense, and hence the term ‘* formation” will be employed in 
this paper to designate a conspicuous subordinate stratum, or group of 
strata, of sufficient individuality to render it a mappable unit. 

The beds and series are the only natural units and groups of strata. 
For convenience it is frequently necessary to discuss as a formation a 


1See Am. Jour. Sci., 3d series, Vol. XX XI, April, 1886. 
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group of beds having allied relations, and sometimes to consider col- 
lectively a group of formations, in which case the term ‘‘ division” 
will be employed. The sequence of the formations, their lithologic 
character, and the letter symbols used to designate the formations in 
all illustrations are shown on Pl. XVI. 

In résumé, it may be said that each of the series is divided into three 
conspicuous divisions; each division is divisible into formations, and 
each formation into the individual beds which compose it. Again, 
finally, it may be said that, in continuous series of sediments like those 
under discussion, the individual strata or beds are the true units, and 
the grouping of these units into categories and the division of series 
into subdivisions is dependent solely upon the opinions of the indi- 
vidual. 

The following table, and Pl. XVI, shows the sequence of the beds 
and their classification into formations, divisions, and series. The 
letter symbols on Pl. XVI are those used on the accompanying maps 
and illustrated sections throughout this report. 


21 GEOL, pr (—01——8 


TEXAS. 


BLACK AND GRAND PRAIRIES, 


114 


‘SOLIas JO SUOISTAT(. = “SUOMRUTIOT JO SdnoIy 
*I9} xo. “1a} xo. “ALIOY, SILO 
XO Xo WL SLOT -aUIqpooMA “moxa 
*OT[TASTM OT. “O [LAST OT *payRadu0D 
“ploy OLS BA “plod aLsRgq “ploy o[sVq "ployl OLSRgL “prio oLsRgq “pIOM ILSVA *paTBaduo0D *plOT OL SBT 
“UTISTLY “USny “uysny “uysny “uysny “uysny ‘ulsny “UlsNy a 
“OpBIOLOL & 
PBIOLO)D S 
“oullO wR 
“OYpBoBUy “10[ARL “10O[T ABI, “IOTAB, *IO[AR, *IO[ABY, 9 
“mosdyQ B 
U0} XOW 
“(SBTIO 
‘SSUq OL Sug “IBVxXog “oT [LAIOqqa *OIIBATN *OIIBARN a1fyM) Buoy *OIIBAGN *BUB]UOST 
“UOPSUTYSB A 
“riqdpepeyly 
‘ 5 , “moles an enn A : mec@jeory “m01y “mO100S *suoly (‘sdnory ) 4 
Omer e Pes! adnpeprny uoTjoas UYSNY | “UOTJOAS CORAL UMOAY 410MT -o0s uostueaq | MR}oOYyO-sBsuRyIy| -BuLIOy JOlByy D “SUOISTATC. Bones 


“SNOILLOGS TYOOT AHL NI SNOILVWHOH OISOTOHLIT ATa Vdd VIL 


“SNOILVYNUOA AO NOILVOIMISSV'T) 


‘IPUDLY) ORT AY) 07 SVSUDYLP WOLL SWOYIAS 1090) SL PUD NALD SnOBIMIAL) UDXAT, 24) fo adNjMPIWIULO AT 


TABLE OF CRETACEOUS FORMATIONS. SENS) 


HILL.] 


“AOT[VA OPVAO[OD IYI JO YINOS 9[GVZTUSOIET JON Q “UOTJOOS ULOTIAOU IY} JO J99IIS UTR PUB UOSABID OY ITM SNOMOITOUAS 9q ABUT UOT09S UIOYANOS oY} JO UOT]BUIAOJ VpNg sy VD 


q:peuru jou | q poweu ou 
*palRaou0y “YRod SIABIT, |‘SpuUBSJUOUIeseg | ‘SpuRs JUOUIOSRg “xB SIABLL | 
| 
| “k 
“aSOY UPLTH | ‘asoy Ue[D asoy UeLD ‘asOY WILD | ‘asoy UeLyD ‘SIU “‘S1OT]UV “osOY UITD AVULLL 
| : 
“AXN[B “AXN[BI “AXN[BI 
| “WNU[BAL “WNULBA “INUTBAA “NULB A “{NUTB AL 
| | ore j= | 
| ro) 
“Yu oPUBUOD “YwoToepouvwmoyg | YRoqopouvwuwoy | yvoq eqouRwtoy | “yBRog oOUBUIOD | “SinqsyoWepoiy | S 
| | = 
i= | *puew[pooy *puBlpooy o}84 3) 009) | ——$s I | > 
“‘SplBM PH “‘SpavpaM pay “‘SpIBMPH “‘SpIBM PO ‘SpaBM PI | a 
E tL | ies] 
eam | = 
| *BIYIUIVI “RIVLUIRI id 
HUB QLUaRIy | -u0qsarg g 
| ‘yoorp Yond | “yeep yong Ps} 
ln 
“UMO}JOS109H “UMOJISIOIH *"UMOJOS1004 a 
| “UWIOM WOT “YWOM 04 “UNOM WOW “ULOM JLOT 
| | 
00} U9. ecovnece) 
ee ae “BITYSB AL 
“BYOB “RYOMRV 
“OI [PC “ON [EC “OI [Od “OI [Od “MBq MBG "MBq MBI “UOSTUA(T 
“‘Qoo14S URW | “Joos ULBIT : 
“UOSABID, “uosABID 
= = b = 
“epug “Bpng “epng D-epug 
BN Aaa ae “uoTqjoas , , - Ve “UOT}OOS eco) al “moos ‘suoly (‘sdnory) ie 
WON OI MEA adnyrpensy OVRERIES WARIINT | SUOMI COGN UMOM WOT -oes uostuag |Me0YO-sesuByIy| -euTZ0y rOleyy *SUOISTAT. Boles 
‘SNOLLOUS IVOOT AHL NI SNOILVNUOd OIDOTOHLIT ATAVdd VIN ‘SNOILYNUOA AO NOLLVOIMISSV 1) 


“‘ponulyuojg—apunuy Ory ay) 07 spsuDyLp WOLL SWOYIS 1D90) S]L PUY DAW SnOddDjalQ WNXAT, ay} fo aLNyD)IUGWOAT 


116 BLACK AND GRAND PRAIRIES, TEXAS. 


Inasmuch as the nomenclature in general use is largely of the writer’s 
invention, he deems it proper to insert at this place a brief history of 
its origin and evolution, and to suggest certain necessary improve- 
ments. 

DEFEOTS OF EARLY CLASSIFICATION. 

Until the year 1886 little was known of the stratigraphy of the Cre- 
taceous formations of Texas. Since 1819, beginning with the travels 
of Thomas Nuttall, fragmentary and disconnected observations had 
been made on the Cretaceous rocks and miscellaneous collections of 
fossils made, but no intelligibie section of the rocks as a whole had 
been presented. The sequence of the formations was misunderstood 
and, in accordance with the classification of B. F. Shumard,! then 
accepted, the lower beds were erroneously considered to be the upper. 
It was generally believed that the whole group represented a synchro- 
nous and deeper-water facies of the Upper Cretaceous or Meek and 
Hayden section as developed in northwestern United States, the base 
of which was the Dakota (Woodbine) formation, and that the Lower 
Cretaceous was unrepresented. 

In 1886 the writer presented’ a section of the Cretaceous beds of 
Texas along the line of the Texas and Pacific Railway from Millsap to 
Terrell, through Weatherford, Fort Worth, and Dallas. This section 
brought out the fact that the Texas Cretaceous included not only the 
equivalents of the Meek and Hayden section but also another series of 
Cretaceous rocks of older age and equal import. At that time the 
writer commented upon the fact that the composition and arrangement 
of these beds presented peculiarly favorable conditions for furnishing 
artesian water toalarge area of the Black and Grand prairies, and 
their adaptability to this end was constantly borne in mind and sug- 
gested as his studies progressed. It was then stated that it would be 
a labor of years to trace out the full extent and variation of the numer- 
ous Cretaceous strata of the section, in order that a final classification 
could be made. Since that time the writer has continued his investi- 
gations, studying the stratigraphic and paleontologic sequence along 
lines of typical cross sections from Arkansas to the Rio Grande and 
mapping the areal extent of the formations, but he has not been able 
to carry on the work continuously. Furthermore, large parts of the 
region are not yet topographically surveyed. 

Thus it will be seen that the classification of the Cretaceous forma- 
tions of Texas has been a subject of evolution. From time to time 
preliminary papers have been presented, but with no pretense to 
finality. The writer can not here detail the labors which he has 
devoted to the amplification of the early section and to tracing the 
variations of the Comanche series throughout the vast areas in which 


1Trans. Acad. Sci., St. Louis, Vol. I, pp. 582-589, 1856-1860. 
2Am. Jour. Sci., 3d series, Vol. XX XI, April, 1886. 
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it is now known to occur. He may simply state that he has studied 
nearly every known locality where, from the early writings, he sus- 
pected that the Comanche series might occur: (1) The Plains of the 
Kiamitia of Morton; (2) the Preston, Fort Washita, and other Red 
River localities of G. G. Shumard, whose collections were deseribed 
by Marcou; (3) the Fredericksburg locality of Roemer, and the Austin 
and Comanche Peak localities of B. F. Shumard; (4) the New Mexican 
(Tucumeari) region of Marcou, and, finally, (5) the outlying areas of 
Kansas which had been mentioned by Hay, Cragin, and others. He has 
reconnoitered and traced these formations through hundreds of miles 
of intermediate areas, from Arkansas on the northeast to El Paso 
and far into Mexico to the southwest, and has mapped and minutely 
studied many localities. He has also studied the collections of rocks 
and fossils preserved in the museums of Amherst, Philadelphia, Cam- 
bridge, New Haven, New York, and Washington, or in the possession 
of their original collectors, such as the collections of Prof. Jules Mar- 
cou in his residence at Cambridge, and the earlier collections of Pro- 
fessor Cragin at Washburn College. In addition, he has endeavored 
to encourage the investigations of others in this field, which still affords 
material for many workers for many years. 

As the investigations progressed, in later years more minute data 
relating to the definition and development of the beds, their lithologic 
variation along long lines of outcrop, and the zones, hemeras, and faunal 
association of the fossil species, were secured, and opportunities to 
study the literature and nomenclature of the species were presented. 
These subsequent studies have not essentially changed the arrangement 
and sequence of the beds as defined in the original Fort Worth section, 
but they have resulted in a clearer definition of them. During these 
years the development of the details of the section was not only slow 
and progressive, but the investigator himself was constantly gaining 
knowledge. 

The reader may well ask what are the logical criteria for the subdi- 
vision of the Cretaceous into the subordinate groups of divisions and 
formations. The paleontology would by some be considered sufficient, 
but, inasmuch as the paleontologic peculiarities themselves are the 
result of environment produced by physical conditions, there should 
be some accompanying correspondence in the physical character of the 
sediments. Unfortunately paleontologic research has not as yet pro- 
gressed sufficiently far to give final conclusions, but there are some 
strong lithologic and paleontologic distinctions between the Trinity, 
Fredericksburg, and Washita divisions which can be _ presented. 
These paleontologic differences are not complete faunal breaks in the 
continuity of forms, but consist rather of the occurrence throughout 
the section of certain well-marked zones of particular species or groups 
of species. 
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Continued and minute research over the whole of the vast area shows 
that both the lithologic and the paleontologic criteria of the beds and 
divisions may change, so that the Red River section, for instance, may 
present rather strong variations in facies from the Colorado section, 
as will be shown; yet these changes are so gradual that they can not 
be noted in any small area, such as the ordinary quadrangle unit of 
the United States Geological Survey (one-quarter of a square degree 
of the earth’s surface, about equal to the area of an average Texas 
county), bat can be defined only by comparing sections hundreds of 
miles apart. 

In the early classification the whole of the Texas Cretaceous was 
divided into two conspicuous categories, called ** series,” as previously 
set forth. The lower series was in turn subdivided into ‘‘ divisions,” 
having the equivalence of the term applied to the three groups of the 
Upper Cretaceous. This designation ** division” was a comprehensive 
term of the writer, based upon the Fort Worth section, intended to 
include subgroups of paleontologically or lithologically allied beds of 
strata. The term is not quite satisfactory, but it has been impossible 
to devise a better one. 

The lower Comanche series was at first made into two divisions, the 
lower of which was called the Fredericksburg division and the upper 
the Washita division. 

The Fredericksburg division was so named by the writer because its 
paleontologic features were those which had been originally published 
as the ‘* Versteinerungen der Hiigel bei Fredericksburg” by Roemer.* 

The upper division of the Comanche series along the Fort Worth 
section contained fossils which had previously been collected from the 
vicinity of Preston, Texas, and old Fort Washita, Indian Territory, in 
the Red River region, by Dr. G. G. Shumard, and described by B. F. 
Shumard and Prof. Jules Marcou, to whom they were sent. This was 
named the Washita division, after the last-mentioned locality. When 
these terms were applied the writer had not visited either the Freder- 
icksburg or the Fort Washita localities, but the classification was based 
upon the Fort Worth section, which occupies an intermediate geo- 
graphic position between them, its features being correlated with the 
published data concerning the paleontology of the other localities. 

In this preliminary classification, founded upon the Fort Worth 
section, the line between the Fredericksburg and Washita divisions 
was arbitrarily drawn above the zone of Ammonites acutocarinatus 
Shumard, which has been referred to A. perweianus von Buch. This 
species, as shown in subsequent investigations, was found to have con- 
siderable vertical range, occurring throughout the Fredericksburg 
division and in the lower beds of the Washita division, especially in 


1See Kreidebildungen yon Texas, p. 17. 
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the Walnut clay and the Comanche Peak beds, and hence was of indefi- 
nite value for correlation. The particular zone of A. aewtocarinatus 
in the Fort Worth section, as originally described, was afterwards 
found to be the attenuated southern representative of a formation later 
termed the Kiamitia clay, which attains great and conspicuous develop- 
ment in Texas along Red River and in southern Indian Territory with 
an associated fauna.’ This Kiamitia bed was also found to be Washi- 
tan in its lithologic and paleontologic affinities and geographic occur- 
rence, as later set forth, and hence was included in the Washita instead 
of the Fredericksburg division in later writings. 

Subsequent studies also showed that a group of limestones abounding 
in aberrant forms of Chamidw, Rudistes, and Nerinea, which occurred 
below the Kiamitia clay, and to which Shumard had given the names 
‘*Caprina limestone ” and ‘** Hippurites limestone,” and had placed at 
the top of all the Texas Cretaceous, both Upper and Lower, were the 
culminating beds of a progressive group of related sediments, and that 
with them ceased a majority of the peculiar lower-lying fossils. Only 
four or five species are known to persist into the overlying beds, where 
a new and different assemblage of molluscan remains is found. Owing 
to these facts, the line between the Fredericksburg and Washita divi- 
sions was, in all the writer’s subsequent sections, drawn at the top of 
the Edwards limestone, including its northward extension along Red 
River and in Indian Territory known as the Goodland limestone, and 
below the base of the Kiamitia clay. 

Still later, as research progressed, it was discovered that the Fred- 
ericksburg division as originally defined comprised two distinct groups 
of beds, the lower of which the writer later separated from the upper 
portion and gave to it the name Trinity division, retaining the term 
Fredericksburg for the higher strata comprising the Walnut clays, the 
Comanche Peak beds, and the Edwards ‘limestone. 

The beds of the Upper Cretaceous series can not be as readily grouped 
into divisions as those of the Comanche series, for the lithologic dis- 
tinctions are not so varied. In his systematic arrangement the writer 
endeavored to adjust these beds to the three accepted divisions of the 
Upper Cretaceous of Atlantic sedimentation used in the nomenclature 
of the Survey—the Dakota, the Colorado, and the Montana—placing 
the Woodbine sands in the first (Dakota), the Eagle Ford, Austin, and 
Taylor in the second (Colorado), and the Navarro beds in the third 
(Montana). Inasmuch as the distinction between these divisions is 
largely paleontologic, especially between the Colorado and the Mon- 
tana, and as other beds do not present strongly differing lithologic 
facies in Texas, the division names will not be used throughout this 
report, but the beds of this series when referred to will be called by 


1See Bull. Geol. Soe. America, May, 1891, p. 515. 
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their formation designations, the Dakota, Eagle Ford, Austin, Taylor, 
and Navarro, respectively. 

As the development progressed the writer used such temporary 
names for the beds as were convenient, changing them from time to 
time as was thought expedient. These names were often paleonto- 
logic terms and were applied with the intention of revising them for 
the final report upon the subject. 


REFINEMENT OF THE NOMENCLATURE, 


In the classification herein presented, the author has endeavored to 
refine this nomenclature by using appropriate geographic terms foz 
all the beds. For this purpose, where possible, mononyms taken 
from recognizable localities have been employed, and the paleonto- 
logic and mineralogic names as hitherto used have been abandoned. 
Thus it is that the terms ‘*‘ Dinosaur sands,” ‘*Caprina limestone,” 
‘*Kxogyra texana'’ beds,” ‘*Exogyra arietina’ clays,” ‘*Fish beds,” 
‘* Exogyra ponderosa‘ marls,” ‘‘ Hippurites limestone,” ete., of earlier 
writings have been replaced by appropriate geographic names. Even 
some geographic names originating in the author’s earlier writings 
have been abandoned. For ‘*Timber Creek beds,” which had heen 
previously used for a different horizon in New Jersey, Lewisville 
beds has been substituted, and for ‘* Barton Creek limestone,” which, 
besides being preoccupied, is not a good locality name, Edwards lime- 
stone has been substituted. Finally, as this work goes to press it is 
discovered that the name ‘‘ Shoal Creek” must be abandoned because 
it has been previously applied to another formation in Indiana, and 
the term ‘‘ Buda” is substituted therefor. While there has been an 
endeavor to use the same name for the same formation in different 
sections, in some cases it has been necessary to use purely local names 
for formations apparently synchronous with beds of other sections, 
because the beds, through gradual change along their strike, have 
become entirely different in composition. 


Three Typical General Sections. 
Section No. 1.—DENtsoN oR RED RIVER SECTION. 


This section runs northward from Sherman through Denison to the 
vicinity of Nida, Indian Territory, across Red River. The sequence 
of the beds is partially duplicated north and south of Red River 
(see Pl. LI), owing to the downthrow of the Preston fault, which 
crosses the section approximately along the course of Red River. 
The Cooks Springs fault, south of Denison, cuts out much of the 
Upper Cretaceous strata. 


” and “ Ponderosa” 


1These terms have been wrongly abbreviated into the ‘‘Texana,” ‘‘Arietina, 
beds by certain writers, 
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SUCCESSIVE CRETACEOUS FORMATIONS OF THE DALLAS-WEATHERFORD SECTION. 


A, Trinity division at Weatherford; B, Washita and Fredericksburg divisions in the Fort Worth section; C, Woodbine forma- 
tion; D, Eagle Ford formation. 
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Upper Cretaceous. 
Feet. 
Austin chalk: The northern limit of the Austin chalk is on a summit of a 
high hill 5 miles north of Sherman, where only a few feet are exposed 
(see IPL, SOVAROE GN eeeeeeeenere Seis Sad. ie) oot Gaon) cee nee +500 
Eagle Ford formation: The Eagle Ford shales are largely cut out of this im- 
mediate Denison section by the Cooks Springs fault, although they are fully 
500 feet thick in Grayson County. Their occurrence will be more fully 
discussed under the proper head. At Cooks Springs they consist of thick 
black shales weathering into light-brown colors like the Taylor matls, 
with fossiliferous sands at the base containing Lxogyra columbella (see Pl. 
SOWIOI SC) eset eae ee te eee ers. Cee a ere +600 
Woodbine (Dakota) formation: The Woodbine formation occurs twice in the 
profile section. It occupies the portion of the section between Cooks 
Springs and the southern part of the city of Denison. Its occurrence here 
is described in detail upon a later page. The second locality is in Indian 
Territory, south of an east-west line drawn through old Fort Washita 


(Geer Ee PPXeValIFeS) he ustimated! thickness. = 4520. 2s. asee-2aees soe oene +-500 
Lower Cretaceous. 
WASHITA DIVISION (SEE PL. XVIII, A). 
Feet. 
Denison beds (see details on pp. 246, 266-280). 
Pottsboro subgroup: 
p. Grayson marls (see pp. 286-288 for details)..........-..-.- a) Al) 
o. Main Street limestone (see pp. 280-283 for details) .-.----.- 10 
25 
j,k, 1,m,n. Weno subgroup (see details on pp. 280-286) : 
n. Pawpaw formation. Impure clays and sands...-...-.. 55 
m. Quarry limestone. A conspicuous bed of yellow lime- 
AONE oc cS. 0c BSCS eee ere te Sen eect Rare eee ae ae 2 
j,k, 1. Weno formation. Impure clays with occasional thin 
strata of sandstone and limestone. ....---------.- 92 
—— 149 
f,g,h,i. Denton subgroup: 
Breccia of O. carinata and G. washitaensis.......-----.----- 2 
hyeBrowmiclay manls, lessicalcareouse=----.5------------- 18 
f,g. Gervilliopsis beds, marls and fissile indurated layers. - 8 
aye 
e. Fort Worth formation: 
White limestones in regular alternation with thin marls- -- 20 
c,d. Duck Creek formation (see details on p. 257): 
Gl Cina IMG 642 ade sdobsaESEaeS See GOs eee eee 128 
Cue Challkcvalimtes tomes mma eae gee esate wid jacc cesta 3 
—— 158 
Feet. 


a.b. Kiamitia clays: As described within the body of this report 
(see pp. 252-257). Outerop near Folsom, Chickasaw Nation, 
and in bed of Duck Creek north of Denison (estimated) .....- 40 
On the north side of Red River, between Colbert and Nida, 
all the foregoing beds from the Woodbine to the Kiamitia are 
repeated. 
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FREDERICKSBURG DIVISION. 


6. Goodland limestone: A white-colored suberystalline limestone about 20 ae 
feet thick, forming scarp lines. This occurs near Nida at the northern 
end of the section, but is cut out south of Red River by faulting along 
the immediate line of the section. It is seen at Marshalls Bluff, a few 
milesito the westward.) s{thiekess' abo Upe eeeeeeee 20 


TRINITY DIVISION AND *EREDERICKSBURG DIVISION®eIN PART (SEE PL. XVIII, A). 
Feet. 
1, 2,3,4,5. The equivalents of the whole of the Trinity division and the lower 
portion of the Fredericksburg division are represented in this 
section by pack sands, the Antlers sands, which occur along the 
northern end of the section. These sands are cut out of the 
section by downthrow where it crosses Red River, but their 
upper beds are exposed 4 or 5 miles to the westward, notably at 
Marshalls Bluff on Red River. No reliable data for ascertaining 
the thickness of these sands is obtainable. The thickness may 
be estimated ‘at....255 0643.20 feed Oe See ae eee eee eee 400 


Section of bluff at Marshalls Bluff of Red River south of the southeast angle of Prestons 
Bend of Red River, showing basal portion of section which is concealed between Denison 
and Red River. 

: Feet. 

[Kila an claiyss; es tin oie Clas ee Besse se 40 


Goodland limestone: 
White friable limestone with Dallioconcha stearnsii .......--.------ if 
Thin separation layers of clay 
White friable limestone with Schloenbachia 
Thin layers with Gryphxa marcoui a5 


Antlers sands: 
Pack sands with alternations of thin clay bands, more argillaceous 
at top and base, reddish clays in basal portion....-.-.---------- +145 


The top of the Goodland limestone is here 130-160 feet above the river at the base 
of the bluff. 


Srecrion No. 2.—Forr WortH or Trinity RIVER SECTION. 


This section is carried through Terrell, Dallas, Fort Worth, and 
Weatherford, slightly diagonal to the dip. 


Upper Cretaceous. 


15. Navarro beds: Blue-black clays with occasional sandy laminz and some- 
times thin sandy strata, the whole characterized by the presence of 
grains of glauconite. Constitute the black and black and sandy prairies 
from Mesquite to 3 miles east of Terrell, Kaufman County. Estimated 
thickness from artesian well borings at Terrell........-.-.------ ~ -2. 2251200 
14. Taylor formation: Bluish joint clays weathering yellow, as at Austin; 
detail not as yet ascertained. Exposed in the eastern part of Dallas 
County between Rock Creek and the east fork of the Trinity. Thick- 
ness not positively known; estimated from artesian well at Terrell. ---- +500 
13. Austin chalk: Chalky white limestone with conchoidal fractures, occur- 
ring in thickish strata alternating with white chalky marls. Exposed 
from Oak Cliffs on Trinity River at Dallas eastward to the vicinity of 
Arnold. Thickness, estimated at +5600 


HILL. | THE FORT WORTH SECTION. 


12. Eagle Ford formation: Blue-black bituminous shales with occasional sep- 
taria, exposed between western edge of Dallas quadrangle near Grand 


iPraineand the Lrinity at Dalasi) Thickness) s.-2s24. esse 2255-2 = = a= 


11. Woodbine formation: Coarse sands and ferruginous clays covered by the 
growth of the Eastern Cross Timbers exposed between Handley and 
Arlington. For details see p.309. Thickness (estimated) -.--..------ 


Lower Cretaceous. 


WASHITA DIVISION, DENISON BEDS. 


p- Grayson formation: East of Handley at a distance of 1 mile or more, there 
are grayish marls containing Giryphea mucronata in great quantities, 
Plicatula, and other fossils of the Grayson beds of the Denison section. 
Fully 50 feet are exposed, but exact measurements were not obtained. 
The marls are very sandy at their basal contact with the Main Street 
limestone. From the regional dip across their outcrop they are fully 60 
feet thick. These beds disappear beneath the Hastern Cross Timbers on 
thremininibyagkmuil esteastiot Mort Wor theese = eee see =a ee eee 

o. Main Street limestone: Yellowish-white, crumbling limestone and marl 
layers, with Kingena wacoensis and Exogyra arietina. Exposed in blutts 
of Trinity River, 6 miles east of Fort Worth, and in the town of Handley. 
(HoxdetailsiscersectionINoms9 pr 282) a= ees ee ee eee ee 

j,k, 1,m,n. Marls with alterations of thin limestone layers. (For details the 

SCCISECHIOMNMNO SSS) Bry teams ae ate an eset mor we oece 
f,g,b,i. Denton formation: Gryphxa carinata zone, composed of soft argil- 
laceous and harder limestone layers, almost completely composed 
of G. washitaensis fossils, accompanied by Plicatula, and O. carinata. 
A complete exposure was not seen. It occurs partially exposed in 
the railway cut south of the Union depot, Fort Worth; and at the 
Maddox residence, 24 miles east of Fort Worth. 

four CUlAGCOUS ISAM hy IMAt ie ao to melee oe NS ary epoare ns ree Sota eiye 

Near the base the rock becomes more sandy, and is very fissile. This 
rock contains many specimens of G. washitaensis. There are good 
exposures between the Maddox residence and Trinity River; also in 
a bluff of Trinity River, 33 miles east of Fort Worth. 

e. Fort Worth limestone: 

Regular alternations of bluish-white stratified limestone and soft friable 
1MDEHAS Co OOH SS! ne ea ae | Beane eee a are Ce ee ee Se 

The upper portion is exposed in the bluff of Trinity River north of the 
court-house in Fort Worth, in street cuttings in the western part of 
the city, and in the quarries at the Union depot, and 3} miles north 
of the city, near Hodge. 

This horizon is marked by numerous fossils, especially Ammonites 
leonensis and the large variety of Hpiaster elegans described as Macraster 
elegans Roemer. Other fossils are Gryphxa washitaensis, and Neithea. 
The limestones are slightly arenaceous and contain many fucoidal-like 
casts. 

At the top of the exposure the marly bands are a foot thick and the 
limestone layers are 6 to 8 inches thick, while at the base of the bluff 
the limestone is nearly a foot and the marl 3 inches thick. 

d,e. Continued compact and often shelly limestone, interstratified with triable 

arcillaccousimanllayers vestmiatedias so 2e es ccme see micselnc ce =o 60 
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c,d. Duck Creek formation: Feet, 
The aboye limestones grade down into marls with occasional 
bands of limestone which contain Pachydiscus brazoensis. The 
exact thickness of the latter has not been ascertained, .but they 
are in the neighborhood of 25 feet, and represent the upper part 
of the Duck Creek beds. 
d. 2 White, compact, chalky limestone, containing very many large 
specimens of Pachydiscus brazoensis, Hamites fremonti and Inocera- 


MUS COMLANCLEONUS ase Ee ee RR se state EE ow 15 
c. 1 Hard and marly limestone, in bands from a few inches to 1 foot 
in thickniess:! 809.4 S258 qu-heene noe te eee ee ee 12 
27 
Kiamitia formation: Marly clays, with thin alternations of lime- 
stone. In the upper part of strata there are Schloenbachia leon- 
ensis, Terebratula wacoensis, S. acuto-carinata, and Exogyra plexa. 
The Exogyra plexa and S. acuto-carinata are found in the basal 4 or 
5ifeet' ofthe tock josesee cece cee a sexes eee eee eee eee 30 
_FREDERICKSBURG DIVISION. 

Goodland limestone, as seen in the western part of Tarrant County: ‘ 
Crumbling chalky limestone, with characteristic fossils. -.-...- 18 
Alternate strata of soft, massive white limestone and shelly 
limestones! 4<\223..c:en8 are w ee ce toe eee = eee eee 36 

54 

Walnut formation: 

Alternations of soft shelly limestone and argillaceous lime 
marl imistratalot 5) to) Gnmchesieache ass er aaa ae 14 
Massive limestone s-2s-2 222 2 Sasetes See ase eee eee 8 
Alternations of compact and shaly limestone -....-...------- 68 
Agelomerates of Giryphxea marcoui, with thin separation layers 
of marl 2.620. acee ee c8 5 Soles ere eee Oe eee 50 
130 


TRINITY DIVISION. 


(For minute details see Weatherford section, p. 190.) 
3. Paluxy sands: Light-colored pack sands, with occasional thin clay laminze 
and logs of silicified wood covered with a growth of post-oak forest, con- 
stituting the upper belt of the Upper Cross Timbers. Exposed in the 
western suburbofiwWieathertond\: sss see eee eee eee +110 
2. Glen Rose beds: Alternations of limestone, marl, and sand, the lime- 
stone usually occurring in hard subcrystalline dimension layers, exposed 
between Lambert and a point 2 miles west of Weatherford .....-.------ +300 
1. Basement sands: Fine siliceous conglomerate and white pack sand, exposed 
in western Parker County, typical on the east side of Grindstone Creek. 
THIGKNESS 2 22 2a case 22a eon ese eee Se esa ae eee toe 115 


Srecrion No. 3.—AustTiIn or CoLtorApo RIVER SECTION. 


This section is exposed adjacent to the Colorado River in its course 
through eastern Burnet and Travis counties. It reveals the entire 
thickness of the Cretaceous, with the exception perhaps of a few feet 
of the uppermost beds, which are overlapped by the Eocene. 
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BP Ay Ti, exaexe: 


Continuous CoLuMNAR SECTIONS OF THE CRETACEOUS FoRMATIONS IN TRAVIS 
County, TEXAs. 


A, Travis Peak formation, near mouth of Hickory Creek. 
B. Glen Rose formation, south side of Colorado River, near Lomans Bend. 
C. Basal portion of Edwards limestone capping Mount Barker. 
D,1, 2,3. Caprina limestone as exposed in the south banks of the Colorado, east of 
the main Balcones fault line. 
E,1,2. Georgetown formation, West Austin. 
J’, Buda and Del Rio formations, Shoal Creek. 
G. Eagle Ford formation, Shoal Creek. 
H, Austin chalk. 
I, Taylor formation. 
J, K. Webberyille formation. 
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COLORADO RIVER SECTION. 


Upper Cretaceous. 
MONTANA DIVISION. 


Webberville beds: Black clay shales with occasional arenaceous layers 
and indurations, and differing from the Taylor marls by the presence 
of many glauconite or greensand grains and by different fossils. (See 
Pl. XX, J, K.) Exposed in the eastern portion of Travis County, 
notably along Gilliland Creek and in the banks of the Colorado at 
Webberville. (For details see p. 344.) Thickness, estimated ----- 

Taylor marls: Bluish unctuous clays which weather into a laminated 
subsoil. Exposed in the Black Prairie region to the east of the Austin 
chalkwbeltam i hickness: es se- cases ote ee oct eee eae er eee oe 


COLORADO DIVISION. 


. Austin chalk: Glaring white chalky limestones and marls with con- 


choidal fracture, typically exposed in the city of Austin on both sides 
of Colorado River. East of Shoal and Bouldin creeks. (For details 
SCOPNONG E15) eeeLNT C Kid CGS ate Siete sche ee IN I eel se mete ole o oretae 


. Eagle Ford beds: Laminated calcareous blue shales and flagstones 


characterized by remains of fish bones and teeth. (Pl. XX, G.)..- 


. The Dakota division is unrepresented in this section. 


WASHITA DIVISION. 


. Buda limestone: Massive thick-bedded yellowish limestone. (For 


Geta SISCCUEIMENENG SH) Freche Ds SRA Bk vate Re BD eet ms Sy OE 


. Del Rioclays: Unctuous greenish clay, weathering light blue or yellow, 


with many fossil Evogyra arietina. (For details see Pl. XX, fF.) 
INOIGISNESS «5 ope ade Ge Ee eee SEO CRO EE OE peers cee ee eo ae 


. Georgetown limestone: White limestone, slightly arenaceous, lumpy, 


and with frequent alternating strata of marls. Very fossiliferous. 
(Horgdetailsiseesb ReXeXer Hoh 2) ee ae see A ane eh a ee eemeniele etereee tess 


FREDERICKSBURG DIVISION. 


Edwards (Caprina) limestone: Massive white limestones with beds of 
flints. The lower portion only is preserved as a cap rock on the 
highest summits of the plateau between Burnet County and the 
Balcones fault line. The upper portion is exposed where the Colorado 
cuts through the downthrown area of the Balcones fault zone between 
Austin and 2 miles west. (For details see Pl. XX, C’) .....--.------ 

Comanche Peak beds: Shattered, fossiliferous, chalky white limestone, 
which in this section is practically the base of the Edwards limestone 
exposed on the summits of the plateau above the Walnut clays. 
Concealed by downthrow east of the Balcones fault line. (For details 
BECISECLIONPNORS ND plot) emai eens ae Meee aanmem. jenesiss seer 

Walnut beds: Yellowish gritty calcareous clays with large numbers of 
Exogyra texana, usually constituting a bench or crown just below the 
summit of the flat-topped mesas, crowning the hills composed of the 
Glen Rose beds, and coincident with them in extent. (For details 
SCOm ble NOXNGm CO) Pye etn eet Se ee See chrom nk Soak oaes gececeeeme eee 


TRINITY DIVISION. 


Glen Rose beds: White and yellowish limestone and calcareous marls, 
sandy toward base and top; prevalent rocks from the western edge of 
Travis County to the Balcones fault line near Austin. (For details 
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. Travis Peak beds: Coarse conglomerates, grits, sands, clays, and cal- 


careous layers exposed in the extreme western part of Travis and 
southeastern Burnet counties. (For details see Pl. XX, A)-......--- 
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Lower Cretaceous—Comanche Series. 
DIVISIONS AND THEIR SALIENT FEATURES. 


The strata of the Lower Cretaceous, or Comanche series, form the 
surface and underlying rocks of the Grand Prairie and Western Cross 
Timbers. The various beds belong to three divisions, as follows, begin- 
ning with the lowest: Trinity, Fredericksburg, and Washita. The 
general characteristics of these divisions are as follows: 

The Trinity division is especially marked by strata of friable white 
packsands, which do not occur in the other divisions and which in 
places constitute nearly the entire rocks of the division. In some 
places, especially south of the Brazos, these sands alternate with marly 
clays and chalky and clastic limestones, the latter being composed of 
minute shells or fragmental particles of shells and sands having a 
lithologic and paleontologic individuality by which they can usually be 
readily distinguished. All the calcareous strata are white or yellow- 
ish and occur in numerous persistent alternations of hard and soft 
strata of various thicknesses. 

The rocks of the Fredericksburg division in the typical area of 
occurrence are almost entirely chalky limestone, initiated by beds of 
marly clay, which grade into the limestone. 

The rocks of the Washita division include the beds between the top 
of the Edwards limestone of the Fredericksburg division and the 
coarse sands of the Woodbine (Dakota). 

The sediments of the Washita division, while generally light in color 
in their lower half, show darker tones and greater ferrugination of 
rocks toward the top. They are composed largely of alternations 
of marly clays and firmer layers of limestone. The limestones of 
this division, while slightly resembling others in the series, have a 
sufficient proportion of grit, and sometimes of iron, to make them 
relatively impure. The beds are successively shallower in origin in 
ascending series. 

In general, rocks of the Trinity division were laid down upon a sub- 
siding bottom of a former land surface; rocks of the Fredericksburg 
division (in this portion of Texas) upon a stationary offshore bottom 
of Trinity sediments; and rocks of the Washita division upon a shal- 
lowing bottom of Fredericksburg sediments. 

All rocks of the Comanche series are sea sediments—deposits laid 
down in the ocean while it was invading a land area extending from east 
of the present Black Prairie north to the Ouachita uplifts and west to 
the Rocky Mountains, across the East-Central, Central, and Plains 
provinces of Texas. This invasion, first recognizable at the very 
beginning of the Comanche epoch, when the shore line was at or east 
of the eastern margin of the Black Prairie, ended at the close of the 
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Comanche epoch, when the shore line was hundreds of miles to the 
west. 

As this invasion was progressing the highland of the interior area 
was being degraded by erosion, and its débris, carried to the shore 
line, became the marginal sediments of the advancing sea. Along the 
eastern margin of the Central Province and beneath the western margin 
of the Grand Prairie, as more fully explained later in the section on 
structure, there was a range of mountainous protuberances, or rather 
the seaward cliff edge of a great plateau, which sloped steeply to the 
east. The old land to the west was a more level plateau beneath the 
Central and Plains provinces. The migration of the shore line across 
this narrower belt of greater slope occupied as great an interval of 
time as that required for it to cross the entire plains region between 
the slope and the present east front of the Cordilleras. 

The differences in the composition and stratigraphy of the beds of 
the three divisions of the Comanche series within the area of the Grand 
and Black prairies are due to the relations which the sediments of the 
old Cretaceous sea bore to this migrating shore line (see figs. 8, 11, 39, 
40,43). The varying composition and near-shore character of the 
sediments of the Trinity division are due to the fact that they were 
laid down against the near-by steep slope of the subsiding land from 
which the material was derived. This slope was an eastern scarp of 
the old post-Carboniferous surface, elsewhere described as the Washita 
paleoplain. These beds (of the Trinity division) are the only Creta- 
ceous formations derived from a near-by shore line, or one which can 
be definitely located within the East-Central Province, and vary rap- 
idly in composition and thickness proportionately to their proximity 
to or distance from it. On the other hand, most of the rocks of the 
Fredericksburg and succeeding divisions, within the Black and Grand 
prairies, were laid down within comparatively clear seas and at great 
distances from the land, long after the advancing littoral had con- 
quered the barrier slope and while it was sweeping west across the 
wider regions of the Central and Great Plains provinces. Hence, rela- 
tive to the deposits of the Trinity division, they are more uniform 
and calcareous in composition, less variable in thickness, and more 
widely distributed in areal extent. 


TRINITY DIVISION. 


This division includes the lower or initiatory beds of the Cretaceous 
formations of the Texas region, embracing all the rocks lying below 
the Walnut beds of the Fredericksburg division. 

CHARACTER AND GENERAL OCCURRENCE. 

The rocks of this division are among the greatest of the water- 

bearing formations of Texas, and are of utmost importance in the 
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artesian discussion. Their outcrop (see Pl. LXIX) is the catchment 
area for the wells of the Trinity and Paluxy systems. Their embed, 
which is the most prolific source of artesian water in Texas, underlies 
the whole area of the Black and Grand prairies, increasing in depth 
from the western outcrop to over 3.000 feet at the eastern border of 
the Black Prairie. Certain stratigraphic peculiarities, especially the 
manner in which they rapidly thicken to the east, render their discus- 
sion somewhat more difficult and complicated than that of the other 
formations. 

In general these strata consist of sands, clays, marls, and massive 
limestones (including in the latter shell breccias, agglomerates, and 
chalks), all of which grade imperceptibly into one another, both verti- 
cally and horizontally, according to their proximity to the shore line 
against which they were deposited. In the regions of their outcrop 
these beds more nearly resemble shallow-water deposits than do the 
rocks of the overlying Fredericksburg division, but in their seaward 


Fic. 8.—Diagram showing change in nature of sediments of Glen Rose beds. a, the Paleozoic floor; 
a’ a’, the deposition surface; ec, the Basement sands; d, columnar section: 2x, sea level at begin- 
ning of Cretaceous epoch; b b, sea level at close of Trinity stage. (For explanation of other sym- 
bols see Pl. XVI, p. 110.) 


extension, now embedded beneath the rocks of the Black Prairie, they 
show a great thickness of massive oceanic limestones. 

The rocks of the Trinity division are exposed in two well-defined 
areas of outcrop. The first, along the interior border of the Grand 
Prairie in Indian Territory and Texas, coincides in extent with the 
base of the western escarpment adjacent to and including the Western 
Cross Timbers. The second group of outcrops are in the incised stream 
valleys of the Lampasas Cut Plain, in Hood,-Somervell, Erath, Bosque, 
Hamilton, Coryell, Bell, Lampasas, Williamson, Burnet, and Trayis 
counties, where the rocks are exposed in narrow, ribbon-like belts 
along the valley slopes, separated from one another and the western 
belt by divides of the cut plain. Eastward they are embedded beneath 
the eastern part of the Grand Prairie, the Eastern Cross Timbers, and 
the Black Prairie, as shown by numerous artesian-well records. 

Studies of these three areas, the western border, the incised sections 
of the Grand Prairie, and the embed beneath the Black Prairie, show 


great differences in thickness and composition of the rocks of the 
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Trinity division, indicating that they are thinner and more arenaceous 
along the western border region, where they are best exposed, and 
that they thicken and become calcareous to the east, being buried in 
the region of their greatest development beneath the Black and Grand 
prairies, where a knowledge of their nature can be obtained only by 
careful interpretation of the artesian drillings. From the western 
border of the Grand Prairie to an indefinite distance beyond the 
eastern margin of the Black Prairie the embedded portion extends 
fully 40,000 square miles. 

As a result of these variations of thickness and composition the 
rocks of the Trinity division along the eastern portion of the general 
area of exposure within the incised valleys of the Edwards Cut Plain 
present the aspect of several well-defined and mappable lithologic 
units of various kinds of rock, which so coalesce along the western 
border exposures into a general basement formation of sands that 
they are there usually inseparable. 


SUBDIVISIONS, 


Asa whole these strata of the Trinity division may be subdivided 
into the following conspicuous formations and beds: 
Formations. Beds. 
| Upper sands. 
JERI OTA TAAIGT A 3 AE fees MIR Bae ems a et Lie ee Thin limestones. 


; | Lower sands. 
Glen Rose formation. 
Hensell sands. 


Bhrawiselealke Oma bl O Mae = eee er Ee eet on heey {Cow Creek bed. 


eee sands. 


The term Basement sands will be used as the equivalent of any of 
the above formations where they rest upon the underlying Paleozoic 
floor. 

The name Antlers sands will be applied to the equivalents of all 
these formations as they coalesce along the western border region 
north of Parker County. 

The three subdivisions are nowhere exposed in complete series. The 
Travis Peak deposits are exposed in a small and irregular area in the 
valley of the Colorado in Blanco, Travis, and Burnet counties, between 
the mouths of Cypress Creek, Travis County, and Sycamore Creek, 
Burnet County. As elsewhere described in detail, they consist of 
coarse sands and conglomerates, beds of silicified shell breccia, and 
clays, probably the attenuated western representative of thicker lime- 
stone beds embedded eastward, above which is another group of sands 
and coarse grit, marked in places by ferruginous colors. In the 
author’s opinion they represent the oldest of the Cretaceous forma- 
tions exposed at the surface in the Texas section. They are possibly 
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represented in the Brazos or Parker County section by the basal 
sands near Lambert and the Hiner and Bluffdale sands, which occupy 
analogous positions below the Glen Rose formation. 

The Glen Rose beds in their broadest development, as shown in the 
bluffs of Colorado, Paluxy, and Lampasas rivers, are limestone beds 
with alternations of yellow and white marls and sandy marls. The 
beds are of various thickness, and sometimes make steep bluff forma: 
tions. The Glen Rose beds are best exposed in the valley sections of 
the Lampasas Cut Plain between the Brazos and the Colorado. They 
do not outcrop north of Trinity River. 

The Paluxy sands in their greatest development are thick beds of 
**pack sand.” They are found in greatest extent between the thirty- 
first and thirty-third parallels, dying out in the southern counties of 
the Grand Prairie or changing in lithologic character to yellowish 
limestones and marls, there included in the Glen Rose beds. 

In the Paluxy section the Paluxy sands and Glen Rose beds are well 
exposed in juxtaposition, but the equivalents of the Travis Peak beds 
are only partially if at all shown, being largely concealed by embed- 
ment. The details of these various beds will be brought out in the 
local descriptions of the sections. Explanation of certain conditions of 
the Trinity division as a whole is necessary to a clear understanding of 
the details of their occurrence, stratigraphic variation, and relations. 


BASEMENT SANDS. 
CHARACTER AND RELATIONS. 


Whether along the western outcrop or where penetrated 2,000 feet 
or more beneath the surface the Basement beds of the Lower Cre- 
taceous system adjacent to the underlying Paleozoic floor everywhere 
consist of friable conglomerate and sand sparsely accompanied by 
reddish and pale-green clays; these sands are next to and above the 
rocks of the Paleozoic floor upon which the Cretaceous rocks were 
deposited, and between the latter and overlying calcareous deposits. 

These sands are more or less fine grained, very friable, and so 
slightly compact that they are readily cut with pick and spade; 
hence they are generally known throughout the region as ** pack- 
sands.” They are accompanied in places, usually at their base, by 
fine pebble conglomerate, locally varying according to the material 
of the adjacent preexisting rocks. Thin beds and laminz of red and 
blue clay occur in the sands, and often the residual surface has a red- 
dish color, 

These Basement sands are undoubtedly of shallow-water or near- 
shore origin and represent the ancient marginal deposits of the sea as 
it encroached upon the land. Everywhere next to the Paleozoic floor 
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and conformable to its slope, this bed of sand, which seldom reaches 
200 feet in thickness, persists as an apparent formation, blanketed 
between the underlying Paleozoic floor and overlying calcareous beds, 
and inclines toward the sea at a slightly greater angle than the latter. 
(See figs. 8, 11, 40, 43.) 

While these Basement sands of the Cretaceous, both in the area of 
outcrop and in that of the embed penetrated by the deepest wells, 
have the aspects of a continuous formation, they are in fact the interior 
margin of many formations, and were in process of deposition during 
a long period of time, and their successive layers are of later and later 
age as one descends the slope of the old Paleozoic floor. The embedded 
eastward portion beneath Waco, for instance, was deposited long before 
the portion now outcropping along the western margin. 

Hence, while the Basement sands may be the local bottom of the 
Cretaceous beneath any particular area, they are not everywhere of 
synchronous age, but are newer and newer in age as one follows them 
interiorward in crossing the Texas region, so that, while beneath the 
Black Prairie they may be of the very oldest Cretaceous—1. e., the 
earliest beds of the Trinity division—their northwest extension into 
Kansas and New Mexico may represent the Fredericksburg and 
Washita divisions. 

Therefore we may conclude that the Basement sands of the Trinity 
division and the Comanche series in general, representing the coalesced 
arenaceous interior margin of many seaward formations, may be 
treated as a continuous formation which traversed the geologic column 
of Lower Cretaceous formations diagonally as the Comanche sea 
invaded a subsiding land in its progress westward across the area 
beneath the Black and Grand prairies. The age of this sand varies 
in its different parts according to their location, and may represent at 
various points along the slope of the old Paleozoic floor the littoral 
beds of various formations, which are well-defined paleontologic and 
lithologic horizons in their seaward extension, collectively represent- 
ing a long period of time. 

We may further conclude, from data presented in full in later 
pages, that that portion of the Basement Trinity sands which is beneath 
the Black Prairie region is of the very oldest Cretaceous; that portion 
beneath the western border of the Grand Prairie, along the Colorado- 
Brazos divide, the age of the Glen Rose beds; that portion beneath 
the Callahan Divide of the Central Province, the age of the Paluxy 
sands; and that portion in southern Indian Territory (top of Antlers 
sands), southern Kansas (Cheyenne sands), and northeast New Mexico 

_at Tucumcari Mesa, the age of the Fredericksburg and Washita sub- 
epochs. 

In the beginning of Cretaceous time the shore line reached the east- 
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ern margin of the Black Prairie, and during the Trinity epoch the sea 
went westward as far as the present western border of the Grand Prairie. 

An interesting illustration of the conquest of the old topographic 
irregularities of the Paleozoic floor by the Lower Cretaceous seas and 
the diagonal transgression of the Basement sands can be seen by trac- 
ing the relations of the formations between Colorado River near the 
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Fic. 9.—Transgressional Basement sands between Travis Peak and Post Mountain, Burnet County, 
Texas. (For explanation of symbols see Pl. XVI, p. 110.) 


mouth of Sycamore Creek, in the southwest corner of Burnet County, 
and Post Mountain just west of Burnet (see fig. 9). some 15 miles west 
of north, along the foot of the escarpment of the Lampasas Plain. 
The Edwards limestone at the summit of this escarpment and of Post 
Mountain makes a subhorizontal datum plane, while the changing 
thickness of the rocks of the Trinity division in the slopes and the 
gradient of the old Paleozoic floor below are variables from the hori- 
zontal. 
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SECTIONS OF THE BASEMENT SANDS. 


The most western outcrop of the Basement sands of the Trinity 
division in the Colorado Valley occurs just in the east bluffs of Syca- 
more Creek, 70 feet above its bed, at an altitude of about 750 feet. 
Here the beds of the Trinity division between the Paleozoic floor below 
and the Fredericksburg limestone at the top of the plateau have a total 
thickness of 498 feet, as shown in the following general section near 
the mouth of Hickory Creek. (See Pl. XX, A, and section No. 6, 
p. 141.) 


Srecrion No. 4.—NEAR moutTH or Hickory CREEK. 


Total depth 
Thickness. | to bottom of 
stratum. 
Fredericksburg division: Feet. Feet. 
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80 80 
Trinity division: 
Glen Rose beds. 
Alternations of thin limestones, clays, and sandy beds. --- 235 
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498 578 
Paleozoic: 
Carboniferous clays and sandstones ---------- teen cee 100 678 


The town of Burnet is 15 miles west of north of the latter locality 
and is some 500 feet higher in altitude. Here, in the head of Hamilton 


Fredericksburg division. . 
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Paleozoic limestone.................- ~ LES 


Fic. 10.—Section of Post Mountain, Burnet County, Texas. 


Creek, from 1 to 2 miles south of the city. the Basement Cretaceous 
_ beds, similar to those at Sycamore Creek, can be seen in contact with 
limestones of supposed Silurian age (Burnet marble). These sands 
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consist of a coarse grit or small conglomerate a few feet in thickness, 
surmounted by red arenaceous clays, and are covered by the typical 
Western Cross Timber forest. They occur at an altitude of 1,250 
feet. Less than a mile to the west the Basement beds may be seen at 
an altitude of 1,400 feet, in the slopes of Post Mountain, resting upon 
the Burnet marble. 

The following section shows the relations of the Cretaceous forma- 
tions in this mountain: 


Section No. 5.—Posr Mounvain, 1 Mize west oF Burnet. (SEE FIG. 10.) 


; Total depth 
Thickness. | to bottom of 
stratum. 
Fredericksburg division: = 
: = : Feet. Feet. 
5. Barren Edwards limestone and Comanche Peak lime- 
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Trinity division: 
3. Impure yellow arenaceous limestone and marl with 
aragonite:crystals —.- sass ce eee aa ee ac aeeeeee 25 
2. Limestone agglomerate of shells with asphaltum ....-- 25 
1. Reddish sandy clays and conglomerate ....-.-.-.----- 20 
70 175 
Paleozoic: 
Crystallized Silurian limestone. 


DIFFERENCE IN AGE OF PARTS OF BASEMENT SANDS. 


The top of the underlying Paleozoic floor makes a steep ascent, 50 
feet to the mile, between the two localities. The Fredericksburg cap 
rocks are practically of the same altitude at the two points. The beds 
of the Trinity division between the Paleozoic floor and the cap rock 
are limestones, except at their base, where they continue to be sands, 
which can be traced along the foot of this escarpment as they ascend 
the old Paleozoic slope. The Trinity division as a whole decreases in 
thickness along this line, from 498 feet near Sycamore Creek to 65 feet 
at Post Mountain, and this decrease is at the expense of the Glen 
Rose limestones. Between them and the Fredericksburg cap rock the 
escarpment gradually thins from 235 to 25 feet. There is no doubt 
that in the distance between the localities the Basement sands trans- 
eress nearly all the entire time interval occupied by the Glen Rose 
limestones in the sections to the east. Hence we may conclude that 
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while the Basement sands at Sycamore Creek and Post Mountain repre- 
sent a continuous formation, this formation is of the age of the Travis 
Peak (Sycamore sands) horizon at the former locality and of the upper 
beds of the Glen Rose at the latter; that in ascending the slope of the 
preexisting Paleozoic floor to the northward it traversed diagonally ¢ 
vertical column of the Cretaceous formations representing a long 
period of time. In other words, the Basement Trinity beds exposed 
at the head of Hamilton Creek in the southern suburbs of Burnet 
County belong to a horizon 500 feet higher in the geologic series than 
the same sands at the base of the Travis Peak beds at the mouth of 
Sycamore Creek. 

The progressive encroachment of the sea in a general westward 
direction resulted ina greater accumulation of sediments to the east 
during the Trinity subepoch, where nearly a thousand feet of strata 
had been deposited before the westwardly progressing shore line 
reached the Central Province in Fredericksburg time. 

At Waco the Basement beds of the Trinity division resting upon the 
Paleozoic floor are estimated to be 1,250 feet below sea level. (See fig. 
41.) At Lipan, Hood County, 85 miles northwest, they are 1,250 feet 
above sea level, or 2,500 feet higher. The present slope of the Pale- 
ozoic floor between these places is 29 feet to the mile. One thousand 
two hundred and fifty feet of this slope is due to tilt which the 
beds have undergone since they were deposited. This amount sub- 
tracted from the total slope of 2,500 feet shows that the Basement 
sands at Waco were deposited upon a point of the sloping continent 
1,250 feet lower than at Lipan. In other words, the old pre-Cretace- 
ous land had subsided 1,250 feet while the sea margin transgressed 
from Waco to Lipan and deposited the continuous bed of Basement 
sand. Hence the latter is much younger at Lipan than at Waco, the 
interval of time being indicated by the deposition of 1,250 vertical 
feet of sediments. Furthermore, when the sea margin reached Lipan 
the Basement beds at Waco were covered by at least 1,000 feet of cal- 
careous limestone-making mud layers which passed horizontally west- 
ward into the transgressing bed of Basement sands. 


THE BASEMENT SANDS A PSEUDO FORMATION. 


Although the Basement sands considered as a formation were accu- 
mulated upon a surface diagonal in slope to the normal deposition 
plane of the more horizontal limestone strata, the individual lamin of 
the sands were also deposited horizontally in the direction of the 
planes of the limestone. Hence the Basement sands as a whole have 
a slant diagonal to the planes of deposition of its integral parts. (See 
fig. 8.) 

Beginning at any point along the outcrop of the Basement sands and 
tracing the sediments away from them coastward along the lines of 
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original deposition, which were once subhorizontal, one will find that 
they usually pass east into clays and calcareous strata which constantly 
increase in aggregate thickness. Hence it is that the rocks of the 
Trinity division as a whole increase in thickness east of the old shore 
slope, and this increase consists of accretions of layers which pass 
westward into the mother bed of Basement sands. In other words, the 
Basement sands may in parts be the attenuated littoral portion of any 
of the well-defined synchronous beds to the coastward. 

The strata which pass eastward from the transgressing Basement 
sands are of various kinds, increasing in calcareous material away 
from the shore. Occasionally thin sheets of sand are found interca- 
lated between the calcareous layers like a plate or cardboard inserted 
between the leaves of a thick volume, and these sheets lead west into 
the transgressing Basement sands. These intercalated sands bed shay- 
ing the lithologic aspects of the Basement sands, of which the Paluxy 
formation is an example, are seen to best advantage in the sections 
farthest east of the western outcrop. The deep artesian-weli section 
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Fic. 11.—Section showing transgression of Basement Cretaceous sands westward and mergence of 
other Cretaceous sand beds into them. aa, Basement sands which traverse the geologic column 
diagonally from the Wealden to the Dakota; b, Hensell sands embedded beneath Grand and Black 
prairies; b!, union of Hensell sands with aa; ec, Paluxy sand; dd, Dakota sand; gg, Paleozoic 
basement; hh, Erosion profile. Space between sands is occupied by calcareous beds. 


on the east presents several thin beds of sands of this nature, separated 
by beds of limestone. Again, proceeding from the southeast to north- 
west on lines parallel with the dip, or across the strike, one finds the 
limestones between the sands, like those of the Glen Rose formations, 
decreasing in thickness and finally disappearing as the Basement sands 
of the western border are approached, while the sands continue until 
they merge into this mother bed. Thus the transgressing Basement 
sand beds, where they meet the Paleozoic floor on the west, represent 
the attenuated interior margins of horizons which in the sections coast- 
ward are well defined and differentiated formations of clays, limestones, 
and sands. 

The sheets of sand projecting eastward from the transgressing mother 
bed are important horizons in the general Cretaceous section, their 
outcrops and embeds having vast subhorizontal extent. (See fig. 11.) 
Of this nature are Hensell and Paluxy sands of the Trinity division, 
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elsewhere described in detail, which spread out from the Basement 
sands within the area discussed in this paper, as shown in the above 
figure. Possibly the Dakota and Navarro sands are of a similar 
nature. 

As a result of the condition of origin, the aggregate thickness of 
rocks of the Trinity division throughout the Black and Grand Prairie 
regions, as shown by cross-cutting drainage and well drills, constantly 
increases to the east, as does also the caleareous element of the rocks. 
Hence the Trinity division as a whole is wedge shaped in cross sec- 
tion, thickening seaward between the diverging lines of the rapidly 
sloping Paleozoic floor and the more horizontal beds of the Freder- 
icksburg division above it.’ 

This increment in the total thickness of the Trinity division beneath 
the Black and Grand prairies in their seaward extension away from the 
old Paleozoic shore line may be understood by examining the general 
cross sections throughout this paper and by comparison of the details 
of the vertical sections across the strike, such as the Decatur, Fort 
Worth, Glen Rose, Waco, Belton, Georgetown, and Austin cross sec- 
tions. Some figures bearing upon the rate of increase are given on a 
later page. 

In view of the facts presented, the term Trinity sands as heretofore 
used will be employed in a general sense only asa generic name for 
the transgressing Basement sands of the Trinity division. In other 
cases special locality formation names will be used for portions of the 
Basement sands or their ramifications where their exact relations to 
the other Cretaceous formations are known. 

The details of the occurrence of the Basement sands will be given 
more fully at the end of this chapter, after describing the Glen Rose 
and Paluxy formations, which pass westward into them; the question 
of the diagonal transgression of the Basement sands and problems 
of stratification related to it are more fully discussed in the chapter on 
‘*Structure.” 

While attention has been called to the variation in thickness and 
material which the beds of different sections show, the reader must 
understand that these beds, when studied along their strike, exhibit 
remarkable persistence and extent. While the beds vary as above 
stated, along the dip, each has great persistence and lithologic uni- 
formity along its strike, and can be traced for many miles in continu- 


1 Owing to the diverging angle between the limestones of the Fredericksburg division and the sea- 
ward slope of the Paleozoic basement the subhorizontal position of the former makes a better datum 
for measuring the thickness of the beds of the Trinity division at any known point. The reader can 
obtain a better conception of the horizon of any particular rock sheet of the Trinity division by 
measuring its distance downward from the Fredericksburg division rather than by estimating the 
distance above the slanting Paleozoic floor. This method will also be convenient because the 
greater thickness of the Trinity division is embedded and exposed only by the artesian-well drills. 
As the latter always proceed from above downward, the method is, after all, the rational one. 
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ous outcrop. The Texas region is one of magnificent distances, and 
individual strata often have a hundred miles or more of continuous 
outcrop. In fact, such uniformity and persistence can hardly be seen 
in any other region. 

TRAVIS PEAK FORMATION. 


OCCURRENCE AND COMPOSITION, 


The Travis Peak beds are the lowest Cretaceous formations exposed 
within the Greater Texas region. They are revealed in only a limited 
area along the slopes of the deeply incised valley of Colorado River 
between the mouths of Sycamore and Cypress creeks, in Burnet, 
Blanco, and Travis counties, where they form the Basement sands. 
The name was given because they are seen in the vicinity of Travis 
Peak post-office, in the extreme western corner of Travis County, where 
they occur in a trough or irregular valley in the preexisting Paleozoic 
floor, now occupied by the Colorado River, some 500 feet below the 
base of the Walnut clays of the Fredericksburg division and 475 feet 
below the altitude of the Basement sands at Burnet northward, as we 
have shown. (See Pl. XX, A.). In general the Travis Peak beds at 
this locality consist of conglomerate, composed of coarse rounded peb- 
bles of Silurian and Carboniferous limestones, granite, Llano schists, 
and quartz derived from the adjacent Paleozoic rocks; beds of finely 
cross-bedded pack sand, white siliceous shell breccia resembling the 
Florida coquina, and some bands of blue, reddish, and greenish-white 
clays, having much the characteristic colors of the Potomac beds of the 
Atlantic coast, and they are sometimes accompanied by lignite and 
fossil bones. 


SECTION OF TRAVIS PEAK FORMATION. 


The following section, by Mr. J. A. Taff, will give an idea of the 
sequence and composition of the formation as a whole, as exposed in 
the valley of the Colorado, between Travis Peak post-office and Smith- 
wick Mill, Burnet County. (See Pl. XX, A.) 


1The division and formation names at the left in this and other sections given are interpolated by 
the writer. 
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Section No. 6.—Hickory CREEK SECTION OF THE TRAVIS PEAK FORMATION, BEGIN- 
NING AT THE TOP OF THE DIVIDE BETWEEN Hickory AND CoW CREEKS AND CON- 


TO THE CoLtorapo RIveR 
(2S OG 2218) 


TINUING AT THE MOUTH 


Burner Country. 


LEVEL 


GLEN Rosk FORMATION. 


TRAVIS PEAK FORMATION: 


12. Bands of conglomerate and calcareous sandstone, 
alternating with beds of arenaceous limestone, the 
arenaceous limestone predominating 


Hensell sand: 


11. Marly magnesian limestone 


10. Calcareous sand at base, grading upward toa siliceous | 
limestone at the top, barren of fossils. ..------.---- 


9. Yellow calcareous sand, stratified 


8. Conglomerate, similar in character to No. 2, with the | 
exception that the pebbles are smaller and more | 
worn, grading into sand below and into calcareous 
sand above 


(peedisand-sunconsolidatedies= ssson sea oee nee aoe 


6. Friable yellow sand 
Cow Creek beds: 


5. Cross-bedded shell breccia, containing many small 
rounded grains and pebbles of quartz flint and gran- 
ite sand. Fossils: Trigonia and small bivalves and 
Ammonites justine 


4. Ostrea beds, magnesian lime cement, fossils en masse. 4 


3. Brecciated grit, composed of worn fragments of oyster 
shells and shells of other Mollusca, with sand and 
fine pebbles stratified in false beds -.-..-----.------ 


2. Bands of friable bluish shale and calcareous sand, 
stratified. Fragments of oyster shells are common 
in the calcareous sandstone 


Sycamore sands: 


1. Basal conglomerate of pebbles of limestone, quartz, 
chert, granite, and schist, well rounded, in a cement 
of ferruginous yellow and red gritty sand. Some of 
the pebbles at the base are from 4 to 6 inches in 
diameter. They decrease in size, however, upward 
from the base, until we obtain a false-bedded cal- 
careous shell grit at the top 


Total thickness of Travis Peak beds 


CARBONIFEROUS: | 


0. Laminated, flaggy, Carboniferous sandstones and 
friable light-blue clay of Carboniferous (Coal Meas- 
ures) age, from the Colorado River level upward to 
the base of the Trinity conglomerate, the laminated 
sandstones containing prints of ferns, nearly 


OF 


Thickness. 


100 


Hickory 


CREEK 


| Total depth 
to bottom or 
stratum. 


Feet 
| 40 
| 80 
| 135 


150 


175 
178 


183 


190 
193 


198 


213 
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263 


263 


363 
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\ SUBDIVISIONS OF TRAVIS PEAK FORMATION. 


The Travis Peak formation is subdivisible into three distinct litho- 
logic beds, which may be termed the Sycamore sands, the Cow Creek 
beds, and the Hensell sands. While these beds are not of great thick- 
ness at this locality, they have more important development eastward, 
in the area of their embed, and hence must be differentiated. 

Sycamore sands.—These consist of conglomerate and pack sand 
which form the basal 50 feet of the Colorado section as exposed in 
their typical locality along the slopes of the Colorado Valley from 
river level at the crossing of the Burnet-Travis county line to a point 
ainile or two back of Sycamore Creek. The pebbles at the base of the 
basal conglomerate, varying from 1 to 6 inches in diameter, consist of 
limestone, quartz, chert, granite, and schist derived from the adja- 
cent Paleozoic rocks. They are well rounded and embedded in a 
cement of ferruginous yellow and red, gritty sand. They decrease in 
size from the base upward, passing gradually into a bed of coarse, 
angular cross-bedded sand which becomes finer and finer in ascending 
until it reaches the condition known in Texas as ‘* pack sand”—1. e., 
a very fine-grained, loosely consolidated sand, cemented by chemically 
precipitated calcareous carbonate. The sandstone contains grains of 
silica varying from the size of a pea to the most minute particles, 
and small subangular fragments of clay in the cement of lime. 

The Sycamore beds in this, their typical locality are undoubtedly 
the lowest outcropping beds of the Cretaceous of Texas east of the 
Pecos River and are typical Basement sands. They rest unconform- 
ably upon the disturbed Carboniferous shales and sandstones of the 
Richmond series. Their relations are shown in fig. 9 (p. 134). The 
Basement sands, of which they are a part, rise north toward Burnet, 
from which place their outcrop around the meandering westward 
projection of the Grand Prairie to the northwest represents higher 
geologic horizons. 

Embedded Basement sands which are probably of the same age 
as the Sycamore sands, are encountered coastward in artesian wells, 
especially at Austin, Belton, Waco, and Fort Worth, where they make 
the lower and most copious water-bearing stratum, but are not posi- 
tively known to outcrop elsewhere within the region under discussion. 
Where the Leon River in Comanche County crosses the Fort Worth 
and Rio Grande Railway adjacent to the Brazos at Powells Crossing, 
are Basement sands (the Leon sands), which future research may show 
to be a northern continuation of these sands. They may outcrop at 
other places along the western border region, but are not elsewhere 
separable into a distinct horizon. 

Cow Oreck beds.—Numbers 2, 3, 4, and 5 of the Travis Peak section 
(Pl. XX, A), aggregating 30 feet, are of an impervious calcareous 
and argillaceous nature, and represent the western thinning out of 
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beds which in the Austin artesian wells have a greater thickness. 
These beds succeed the Sycamore sands in the region of their typical 
development along the Colorado between the Travis County line and 
Sycamore Creek, where they present the details shown on section No. 4. 

Fossils occur in these beds, but they are neither plentiful nor dis- 
tinct. The upper or coquina-like beds are full of casts and molds, 
among which are undetermined species of TZrigonia streeruwitzii 
Cragin, Pholadomya, Cyrena, and Ammonites justinw Hill. (See 
Pl. X XI.) In these beds also appears the first of the several oyster 
agolomerates of the Comanche series. This is composed of a solidified 
mass of large oyster shells forming a stratum 7 or 8 feet in thickness 
just below the junction of Post Oak and Cow creeks. 

Accompanying the oyster breccia another noteworthy feature of the 
Trinity division appears—i. e., an excess of epsom salts, or magnesian 
sulphate. The oyster-shell bed effloresces into a powdered earthy sub- 
stance accompanied by the epsom salts. Magnesian and pyritiferous 
layers occur in other horizons higher in the division, and their presence 
is no doubt in part the cause of the mineral character of some of the 
artesian waters, especially those wells which are not drilled into the 
Basement sands below these layers. 

The Cow Creek bed has not been paleontologically identified else- 
where than in the Colorado section, and is the western attenuation of 
beds which attain their greatest thickness in the region of embed. 
There are certain thin bands of impure calcareous-argillaceous material 
occurring in the Weatherford section, which occupy an analogous 
position. The artesian wells at Glen Rose pass through a similar for- 
mation between the depths of 75 and 180 feet. The artesian wells at 
Austin, Waco, Belton, and elsewhere along the borders of the Black 
and Grand prairies, pass through a formation occupying an analogous 
position but of greater thickness, amounting to 200 feet at Austin. 

FHensell sands.—Numbers 6, 7, 8, 9, 10, 11, and 12 of the Travis Peak 
section represent a second group of porous water-bearing pack sands. 
These are beautifully displayed in the banks of Cow Creek, in the 
neighborhood of Mr. Hensell’s place at Travis Peak post-office. They 
are limited at the top by the basal limestone of the Glen Rose formation, 
bearing fossil monopleuras, and at the base by the Cow Creek beds. 

The Hensell sands are probably represented in the Paluxy Valley 
by about 40 feet of fine pack sand, which is reached in the wells at 
Glen Rose at depths of from 70 to 110 feet below the Paluxy River. 
This sand may be represented in the Brazos section by No. II of the 
Weatherford section and by the sands which succeed the Lambert 
beds, encountered in the deep wells at the border of the Black and 
Grand prairies below the top of the Trinity division at San Marcos, 
Austin, Belton, Waco, Fort Worth, and other places. 

They are the water-bearing horizon referred to throughout this 
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paper as t’. These sands are easily recognizable in the drill sections, 
at least, in the samples from the San Marcos well, showing the typical 
red color of the clays that they exhibit at their outcrop at Travis Peak 
post-office. Westward the Hensell sands’ lose their identity by merg- 
ing into the general Basement sands of the western border. 

The Travis Peak formation as a whole records a subsidence of the 
land during its deposition. As the waters deepened the deposits 
changed from coarser to finer material, becoming more comminuted 
and calcareous at the top of the beds, until the sand grains are so fine 
as to be almost imperceptible to the eye, the whole mass becoming 
chalky and ‘*magnesian” in appearance. 

At the top of the sandy beds (No. 1 of the Glen Rose section, Nos. 
12 and 13 in the Colorado section) a yellow, arenaceous, fossiliferous 
limestone appears. This marks the first or lowest appearance of the 
peculiar fossils Monopleura and Requienia (Caprotina), and indicates 
the beginning of the Glen Rose formation. 


GLEN ROSE FORMATION. 
LITHOLOGIC AND STRATIGRAPHIC CHARACTERS. 


The typical Glen Rose formation consists largely of even-bedded 
strata of argillaceous, arenaceous, chalky limestones, alternating with 
thin strata of marly, arenaceous clay. The beds are of different 
thicknesses. The thickness of each individual bed is remarkably uni- 
form throughout its extent when traced along the outcrop. From the 
alternation of limestone and clay the beds were provisionally called 
the ‘* Alternating beds” when first differentiated by the writer,’ and 
were included in the Fredericksburg division. 

The Basement beds of the Comanche series have been described as 
arenaceous in character. The Glen Rose formation, on the other 
hand, is calcareous, with clays and sand as accessory material. Each 
of these formations is accompanied by the material of the other as a 
minor accessory. ‘Thus the calcareous rocks of the Glen Rose forma- 
tion are partially arenaceous, especially at their base, the siliceous 
grains being so finely triturated that they are an almost impalpable 
powder. This siliceous material gradually diminishes upward in the 
heds, and the lime increases proportionately in both the indurated beds 
and the marls. Toward the top of the Glen Rose the limestones are 
again slightly arenaceous. 

The indurated beds consist of strata of brecciated crystalline, arena- 
ceous, mMagnesian, or chalky texture. They are white, yellow, and 


1Jtis important to note that the Syeamore and Hensell sand beds are strikingly analogous to the 
water-bearing beds denominated t! and t? on the deep-well descriptions, and that the Cow Creek 
bed corresponds in position to great thicknesses of limestone between the sands in the Austin, Belton, 
and Waco wells. 

2See Bull. No. 1, Geol. Survey of Texas, Austin, 1889, p. Xiy. 
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CHARACTERISTIC FOSSILS OF THE TRAVIS PEAK AND GLEN ROSE FORMATIONS, 


1, Ostrea ragsdalei Hill. 


2, Pholadomya henselii Hill. 
4, 5. Glauconia branneni Hill. 


3. 


Trigonia lerchii Hill, 
6. Ammonites justin Hill, 
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sometimes blue-gray on fresh fracture. Some are made up of 
minute fragments of shells, which give them a granular pseudo-oolitic 
structure. This is seen at Mount Bonnel, west of Austin, in many 
layers of indurated stones and marls. Others, like the Orbitulites 
bed, are chalky in character. 

The stratification of these beds is conspicuous in the landscape on 
account of the manner of weathering. The alternating beds of soft 
marls and hard limestones weather into numerous small cliffs and 
stratum plains, resulting in a compound terrace effect along the 
slopes and the many round hills and incised canyons of the Lampasas 
Cut Plain and the Edwards Plateau southward. The softer strata 
between the indurated layers readily disintegrate into a marly earth, 
yellow to white in color, while the harder layers weather into vertical 
ledges, which break down into fragments as the softer bands fall away 
from beneath them. 

Nearly all well-exposed sections of the Glen Rose formation show 
three marked subdivisions. The lower and upper thirds are thin- 
bedded alternations of marl and indurated strata, usually weathering 
into the terraced slopes above described, while the middle third is 
composed of thicker and more massive indurated beds, which make 
steep canyon bluffs when cut by streams. 

The lowest Glen Rose beds are of a transitional character in the 
Glen Rose and other northern sections. The reddish sandy clay at the 
top of the Basement sands passes upward without stratigraphic break 
into calcareous fossiliferous strata of the Glen Rose formation. In 
the Colorado section it is impossible to draw a sharp line of demarca- 
tion between the lower beds of the Glen Rose formation and the upper 
beds of the Travis Peak formation, inasmuch as the one grades into 
the other. This is seen in the high bluffs of Cow Creek, immediately 
below Mr. Hensell’s house at Travis Peak post-office, in the western 
part of Travis County, where the transition is gradual from the 
unconsolidated pack sands of the Hensell beds into semi-indurated cal- 
careous sands, and finally into a firm band of magnesian arenaceous 
limestone containing fossil requienias—a horizon arbitrarily assumed 
as the base of the Glen Rose beds in this section. The name Requie- 
nia (Caprotina) horizon No. 1 has been applied to this bed because the 
fossil requienias, called Caprotina in earlier geologic literature, make 
their first known appearance in the section at this horizon, 


ECONOMIC FEATURES OF GLEN ROSE FORMATION. 


The agricultural possibilities of the Glen Rose beds are not great. 
The regolith is very shallow, although rich alluvial deposits derived 
from the adjacent Glen Rose beds are found in the local valleys. On 
the other hand, the beds are capable of producing valuable building 
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stones and other material. Some have rich ‘‘magnesian”? (buff- 
yellow) colors, and other limestones resemble the stones of Caen, 
France, which are imported into this country. Some beds are vaiu- 
able for the manufacture of hydraulic cements, although at present 
they are not utilized. These rocks contain undeveloped beds of epsom 
salts, strontianite, and other materials. The magnesian limestones are 
soft and of a rich cream or yellow color, and alternate with softer 
marls of similar composition, sometimes accompanied by pockets or 
crystalline nodules composed of calcite, aragonite, strontianite, and 
celestite. Epsomite is abundant in certain layers occurring about 90 
feet below the summit of the formation at~Mount. Barker, west of 
Austin. These mineral deposits are well shown nearly 50 feet below 
the summit on Mount Bonnel, in beautiful wind-cut cliffs (see Pl. 
XXII). Here the surfaces of finely siliceous magnesian limestone are 
adorned with thick frost-like coasts of exquisite crystals of epsomite, 
apparently deposited from the solutions which exude from the rock. 
Pockets of these minerals occur in Williamson, Burnet, Lampasas, 
Bell, and Coryell counties, and apparently occupy a persistent horizon 
in the Glen Rose formation. The celestite has also been found by Taff 
ina marly bed below the heavy limestones in the bluffs along Rocky 
and South Rocky creeks, in northeast Burnet County. The same 
horizon occurs on South Rocky Creek near the Lampasas-Georgetown 
road and in a high bluff on the creek 3 miles below the same road 
crossing. On Donaldson Creek, due east of Nix, Lampasas County, 
beautiful blue crystals are found in large nodules in the yellow arena- 
ceous limestone, and they also occur with calcite nodules around the 
face of the hills north of Nix. In the attenuated Glen Rose beds of 
the western border region there are small pockets of dog-tooth anhy- 
drite, notably in Comanche, Lampasas, and in western Parker County. 


LOCALITIES AND OCCURRENCE OF GLEN ROSE FORMATION. 


The outcrops of the Glen Rose beds coincide with the extent of the 
Glen Rose prairies heretofore described. They occur along the western 
scarp and in separated areas in the incised valleys of the western half 
of the Lampasas Cut Plain west of a line drawn from Decatur, in Wise 
County, to the Colorado, which can be best appreciated by consulting 
the map. In general they occupy all the valley slopes of the Grand 
Prairie region west of the line above mentioned and east of the 
Western Cross Timbers as it meanders around the foot of the western 
escarpment. 

These areas of outcrop, which are separated by drainage divides, 
surmounted by the later formations making the cap rock of the 
Lampasas Cut Plain, may be separated into two general groups, those 


1The term ‘“*magnesian”’ has long been applied to certain yellow strata in these beds. Whether 
all of them are or are not magnesian in composition the writer can not state positively. 
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of the western escarpment border and those of the incised valley 
slopes. These areas anastomose at places along some of the deeper 
drainage valleys which cut through the western escarpment, as along 
the Brazos, Leon, and Colorado. 

The Glen Rose formations usually occupy irregular belts of prairie, 
either open or brush covered, varied by bosks and mottes of timber. 
These prairies are long, gentle slopes marked by small stratified 
terraces. (See Pl. XXIII.) Adjacent to the immediate streamway 
the beds often occur as steep vertical bluffs. 

Back from the immediate streamway the unequal weathering of the 
alternately hard and soft layers produces steep slopes which are 
beautifully benched and terraced, so that they resemble ancient shore 
lines. This effect is due to the difference in hardness of the persistent 
horizontal layers, which consist of rapidly alternating soft clays or 
marls and indurated strata. The height of these terraces of strati- 
fication is governed by the distance apart of the indurated layers, and 
varies from 6 inches to 20 feet or more. 

The terraced type of the typical Glen Rose topography is best shown 
around Lampasas and along the upper slopes of the Colorado Basin, 
west of Austin, and in the region northward, toward the sources of the 
San Gabriel and the tributaries of Lampasas River—areas where the 
former protective cap of Fredericksburg rocks has been completely 
removed. In these places the hills of Glen Rose rocks are usually 
conical knobs with persistent benches and terraces so symmetrical that 
they appear to have been cut by a turning lathe. The east slope of 
the summit of Mount Bonnell, northwest of Austin, is a familiar 
example of the terraced Glen Rose slopes, the different benches suc- 
ceeding one another like the treads of an ordinary stairway. North of 
Leon River, where the Glen Rose limestones are included between the 
Trinity and Paluxy sands, the same terraced topography continues, 
but the benches are wider, and make extensive prairies, with fewer 
minor scarps. This type is well shown near Comanche and Glen Rose. 

Where creeks or rivers in their winding courses cut rapidly against 
their banks the bluffs are precipitous, especially in those portions of 
the formation where the beds are thick and heavy. Bluffs of this 
character also occur where the Glen Rose beds are protected by ¢ 
heavy capping of the Fredericksburg rocks, as in the headwater canyons 
of the streams south of Leon River. These bluffs are white or cream 
colored, and produce scenic features of remarkable beauty, notably 
along the banks of the Colorado adjacent to Lake McDonald, where 
they rise in exquisite lines 300 feet above the water. They also prevail 
along the San Gabriel and Lampasas rivers, and to some extent in the 
valleys of some smaller streams. 

Wind has often been as important a factor as water in producing 
such bluffs. It blows away the dried, pulverulent material of the 
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softer layers, thereby undermining the more indurated layers until 
they appear as projecting shelves, which later fall away by their own 
weight. The bluffs of Mount Bonnell are largely of this nature. 
(See Pl. X XII.) 

The same individual strata may form either the slope or the bluff 
type of topography, although the terraced slopes are more often cut 
out of the thinner alternations of the upper part of the formation and 
the bluffs out of the more massive medial beds. The very steep and in 
places impassable bluffs of the western side of Mount Bonnell have 
been formed from the same beds which on the other side of the moun- 
tain weather into terraced slopes. It is necessary only to follow the 
terraced beds of the eastern face of this mountain around to the west 
side to observe the change from the bench and terrace to the bluff 
character. 

Western border belt of outcrops.—Vhe formation outcrops along the 
western escarpment slope through the whole extent of the Edwards 
Cut Plain from Colorado River northward as far as central Wise 
County, where it ceases. (See Pl. LXVI.) In this region the outcrops 
occur as a belt of prairie between the Western Cross Timber valley 
and the mesa cap of the western escarpment of the Grand Prairie. 
The eastern margin of the main belt of the Western Cross Timbers, 
which coincides with the outcrop of the Basement sands south of 
Wise County, marks precisely the interior and lower parting of the 
Glen Rose formation. This belt of outcrop accompanies the western 
escarpment in all its meanderings—slowly ascending toward the sum- 
mits of the divides in westerly directions and descending toward the 
stream beds east, down the valleys of the through-flowing rivers, such 
as the Colorado, Leon, and Brazos. 

Beginning at the foot of Mount Bonnell on the Colorado River north- 
west of Austin, one may follow this narrow and irregular belt of the 
Glen Rose formation continuously northwestward through Travis, 
Burnet, Lampasas, Mills, and Brown counties, passing 5 miles north 
of Smithwick Mills, through the eastern part of Burnet, near Naruna 
and Nix, Lampasas County, and through Goldthwaite, Zephyr, and 
May. The belt passes through a gap in the Callahan Divide between 
Clio and May, in northeast Brown County, and then turns southeast 
down the valley of the Leon for 35 miles, passing through the town of 
Comanche to near Hazledell, Comanche County; from the latter point 
the belt turns due north for 30 miles to near Desdimonia, Eastland 
County, constantly narrowing toward the latter point, from which it 
turns northeast for 45 miles until it intercepts the Brazos near Buckner, 
Hood County. From the Brazos it again turns west of north for 25 
miles to Whitt, in northwestern Parker County, and finally disappears 
about 15 miles due northeast of the latter point, in central Wise 
County. 
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This western belt is mostly a bluff or steep slope from Mount Bon- 
nell to Burnet, but sometimes occupies areas of considerable width 
along the Colorado. From the southeast corner of Burnet County to 
Senterfit, Lampasas County, the outcrop is a narrow calcareous belt, 
often merely a thin subvertical slope less than 100 feet in width. 

Between Goldthwaite and Antelope Gap the Glen Rose prairies are 
wider and consist of gentle slopes marked by many small stratified 
benches bearing no timber. They are well displayed all the way to 
Copperas Cove. From Senterfit the belt gradually widens northward, 
being fully 3 miles wide at Goldthwaite, until along the line of Mills 
and Brown counties it forms an extensive prairie nearly 10 miles wide. 
Then it gradually diminishes in area toward Clio. From northwest 
Comanche County, where the prairie has almost vanished, or at least is 
the narrowest possible strip, it widens again to the southeast through 
Comanche County south of the Leon. North of the Leon and in east- 
ern Comanche County and western Erath County, west of Dublin and 
near Mount Airy, the belt narrows toward Desdimonia, from which 
place to the Brazos its outcrop forms merely a narrow ribbon. The 
western border areas increase to a width of nearly 8 miles along the 
Texas Pacitic Railway west of Weatherford and Lambert, but narrows 
again northward, finally dying out, as previously stated, in Wise 
County, where the most northern Texas outcrop representative of the 
Glen Rose beds may be seen in a narrow band of fossiliferous calca- 
reous-argillaceous sandstone from 6 inches to 1 foot thick, in the muds 
of the less caleareous and argillaceous Antlers sands, as shown in section 
Nomlor(p: 15/7): 

In Arkansas, from Ultima Thule eastward to Murfreesboro, lime- 
stone layers, as described in the writer’s report on Arkansas’ under 
the general classification of the Trinity formation, may represent the 
Glen Rose formation, but it is not possible at present to correlate 
them with certainty. 

Throughout the extent of this western border belt of outcrops the 
Glen Rose formation is thin and composed of less calcareous material 
than is exhibited in the more eastern outcrops. In fact, there is but 
little doubt that much of the formation is there merged into the Base- 
ment sands. 

Inliers of Lampasas Cut Plain.—The largest areas and best exposures 
of the Glen Rose formation are found within the main arca of the 
Lampasas Cut Plain east of the western border belt above defined, in 
the slopes and bluffs of the drainage valleys which are cut below the 
fragmentary areas of the summit level of the cut plain, which now 
form divides that partially or completely separate the outcrops of the 
Glen Rose formation in the slopes of the various stream valleys. Out- 
crops of the Glen Rose formation occur in this manner throughout a 
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stretch of country extending from the Brazos to the Colorado in 
Erath, Somervell, western Bosque, western Coryell, eastern Hamilton, 
eastern Lampasas, and northern Williamson and Burnet counties and 
along the slopes of the Colorado in western Travis County. 

In these areas the streams have cut down into and sometimes through 
the Glen Rose beds, and with some of their more important lateral 
creeks flow upon the Glen Rose rocks until they pass upon higher beds 
to the east. In this manner the Glen Rose formation (beneath the 
Paluxy sand in case it exists, and, if not, below the Walnut beds) 
occupies the wide slopes of the stream valleys until they dip beneath 
the newer rocks to the east. Thus the valiey slopes of the western 
half of the Lampasas Cut Plain south of Wise County are occupied by 
areas of the Glen Rose limestone surmounted wholly or in part by 
higher beds. The rocks are more thoroughly exposed in those areas 
where the streams have cut deepest, and hence the beds are best seen 
along the valley slopes adjacent to the Colorado and the Brazos. 

The valley exposures are usually of much wider area than -the out- 
crops of the western border belt, and sometimes spread out so widely 
that they coalesce across the divides between the streams through gaps 
where the cap rock has been eroded. Wide valley areas of the Glen 
Rose formation are found east of the western escarpment along the 
Brazos, between Buckner and the northeast corner of Bosque County, 
for a distance of 25 miles; along the Paluxy from west of Morgans 
Mill to its mouth, 30 miles; along the Bosque from west of Stephen- 
ville to east of Iredell, 60 miles; along the Leon from the Savannah 
Mountains northwest of Comanche to near Gatesville, 66 miles; along 
the Cowhouse from the northeast corner of Hamilton County to below 
Pidcoke, Coryell County, 50 miles; along the Lampasas from northern 
Lampasas County to below Youngyport, 60 miles, and along the breaks 
of the San Gabriel in Burnet and Williamson counties, 25 miles. 

The eastern limit of the valley outcrops of the Glen Rose beds inter- 
sects the Colorado River at Mount Bonnell, 4 miles west of Austin, 
and crosses the principal river valleys as follows: San Gabriel River, 
12 miles above Georgetown, Williamson County; Lampasas River, 
about 12 miles below Youngsport; Leon River, near the mouth of 
Plum Creek, in Coryell County; Bosque River Valley, on the Houston 
and Texas Central Railway, 4+ miles southwest of Walnut, Bosque 
County; and Brazos River, at the mouth of Camp Creek in the south- 
-west corner of Johnson County. East of this line the rocks disappear 
by dip, and are embedded beneath the eastern half of the Grand and 
Black prairies, where they are penetrated by numerous artesian wells, 
as shown later. 

The coastward border of the Glen Rose outerops is marked as far 
south as the Leon by a narrow ribbon of upland forest which grows 
upon the overlying Paluxy sands. This forest, which is a southward- 
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BOTTOM OF YELL AT GLEN ROSE 
Fig. 12.—Section of slopes of Paluxy Valley from top of Comanche Peak, Hood County, to Glen Rose, 
Somervell County. (For explanation of lettering see Pl. XVI, p. 110.) 
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extending arm of the Western Cross Timbers, continues irregularly 
southward from its junction with the main belt of the Western Cross 
Timbers in Wise County, to the Leon. Hence in that portion of their 
extent where they are overlain by the Paluxy sands, the outcrops of the 
Glen Rose formation constitute prairie spots within the general area 
of the Western Cross Timbers, as seen between Weatherford and 
Millsap, on the Texas Pacific road, and in the slopes below the escarp- 
ment of Comanche Peak in Hood, Erath, and Somervell counties. 
South of the Cowhouse, where the Paluxy sands terminate, the out- 
crops of the Glen Rose beds are prairie lands continuous with those of 
the Walnut clays. 

The inlying valley outcrops increase in area southward through 
Parker, Hood, Erath, Comanche, Lampasas, and Coryell counties. 
These rocks are well exposed along the valley of Lampasas River 
through Lampasas and Burnet counties, as well as along every creek 
valley tributary to this river. The confluents to these tributary creeks 
have also cut wide valleys into the rocks of the Glen Rose beds below 
the general level of the remnantal Edwards divides between Lampasas 
and Leon rivers along the east line of Lampasas County and between 
Lampasas and San Gabriel rivers. 

The North Fork of San Gabriel River, with its main tributaries, 
Russell Fork and Bear Creek, runs in similar valleys for a great por- 
tion of its course in Burnet County. These valleys are narrow and 
contract continually as they pass southeast into Williamson County. 

In the counties of southwestern Texas between the Pecos and the 
Colorado and south of the Burnet-Llano Paleozoic region these rocks 
form the basement of the Edwards Plateau. The canyons of Guada- 
lupe, Comal, Nueces, Frio, Medina, and Devils rivers cut down into 
them. 


DETAILED STRATIGRAPHIC SECTIONS OF GLEN ROSE FORMATION, 


Typical sections of the formation, about 220 miles apart, near the 
northern and southern limits of the field of occurrence in the Grand 
Prairie region, illustrate the details of the formation. The more 
northern of these typical sections of the Glen Rose formation is seen 
in the lower part of the general Comanche Peak section (see fig. 12), in 
the slopes of the Paluxy Valley of Somervell County near Glen Rose, 
between the Paluxy sands above and the Bluffdale sands (the northern 
equivalent of the Hensell sands of the Colorado section) below. 
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Section No. 7.—GLEN RosE BEDS IN VALLEYS OF BRAZOS AND PALUXY RIVERS, 
ADJACENT TO GLEN Rose AND GRANBURY, TEXAS. 


Feet. 
Paliesyecamcda (asidesenibedion! pape vliG/)ls== === = eee ea oe Oe eee see 
Glen Rose beds: 
14. Thick, arenaceous marly limestone and thin, compact liruestone in 
layers, the upper bands of which are sandy, the bands succeeding 
each other as follows: 
Limestone fossiliferous above, sandy below..-.......-------- 4 
UV eurelivgl Ayers ie cette tage eras: one pe ort Oi ice ts eee ee 4 
HearderellosmlimestOnen—eesiee eee ese ee ae me yee ee: 1 
Wier livgllan eres ers ferric ste ten pe. eel siepch ere oe 5 
Hard limestone flags, lower portions more fossiliferous and argil- 
LECRO WE AVAL FIA AOE! WO) WEEN ooo pe ocandeacscu=oossseoes= 3 
ssa Ventana LINN OS GOIN tet Serer ge erayep eed SA ee 2 12 
12. Four marly layers, from 4 to 6 feet in thickness, separated by three 
thin compact bands of limestone, as follows: 
IMIGT AN TER OI og 2 ardor see reheat Oe iets rs Ree ga ey ieee Oe 12 
Wilevelie LEME. See soe ie etn Ie SR ene eae cy te ene gee ee ee 3.5 
Tenmame stom ers) allo Se sean ete oem n enna eye oO ye De L 
Inimestone slabs, compact and! coarser. --.-------.----------- .5 
IVa ayesha vie Rise oeeiete sein i ei eee: Slee pa ee el ny eR ee 4 
ILMASNOMOR Sse so nop we Gees one eweatG eee oe eee ee 2 
IN Tears ye erepoy eee ee ee SNe Sea ey an oe IT SHEL ate Pe 3 
Compact magnesian limestone slabs...-....----------------- 1 
IVeiyg lai eres Serres har to Nee ac eer ae Ao tae An ES ore 4 
——— 3 
11. Hard, white crystalline limestone, which makes decided benches 
Om Wine: lullisies «at So ee DUS aoe ae ee eee nee 4 
WD, Wikeairlyp IbtaVee tore. Ses ae ate Se esate eee ts Sree ts Eaeed ae 10 
9. Thin alternations of marl and limestone, as follows: 
Grayzesuchitlmancillaccouspimestone peers staan see es eene 1 
Marly layer 4 
White broken limestone, fossiliferous:................-.----- 2 
Three soft limestone layers, with intervening marls ..-.-.---. 6 
White, evenly laminated limestone, with ferruginous segrega- 
TEIKOS OV oes Che gs reer ca Een hee en Soe Aes 1 
—— 4 
8. Marly limestone, changing gradually upward into harder limestone - 8 
7. Soft argillaceous limestone, with thin indurated bands of limestone 
at the center and at the upper edge ..-........-----.---------- 8 
6. Hard magnesian limestone; few fossils; small, ferruginous segrega- 
WGINS ocho cia caved 6 SOS ASE GOB BE CeCe nMEE Eee a ae a aee 4 
Soft yellow friable clay marls, with Nerinea and small fossils.. 10 
Velliowagla Glaysiwiila O} @eipaidlso a soo osoase sees ee SUSU ODeS Se 4 
Indurated limestone layers composed of shell débris....------ 3 
—- _ 21 
5. Chalky white limestone with numerous molds of Lunatia ( Tylos- 
toma) Canduium, MrigoniasandPRoladomyd---4--2+-----4-----2- 10 
4. Requienia (Caprotina) limestone. An agglomerate of fossil Requi- 
enia embedded in a firm chalky white matrix..-.-......-.---.- 20 


3. Limestones and marls in alternation, the limestones forming thick 
massive layers, as exposed in the north bluffs of Paluxy Creek 
and Squaw Creek, between Glen Rose and Comanche Peak... -- 130 
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Glen Rose beds—Continued. Feet. 
2. Two miles west of Glen Rose a bluff in the creek shows a series of 
alternations of white quarry limestone, 10 feet of which presents 
the following section in descending order: 
Dimension layer of sandy yellow limestone with casts of fucoids. 1 
Thin calcareous shales, with a layer of pyrites and epsomite- - 
Thin laminated flags, containing gasteropods..-----...-..---- 
Calcareoustimanlyjshal esses ee eeee ee 3.5 
Flaggy seams, from which the fossil fish shown in Pl. XXIV 
was procureds= 2 hs cc. - sees eee ee eee ee 


Dark-blue%calcarcousisiall 6st tee 1 
Soft chalky white limestone, from which plants (Pl. XX VI) 
were collectedi-a52:3 2-8 eae oe ibe) 


Impure limestone, containing Goniolina at the top and made 
up below of anagglomerate of numerous fossils (seeP]. XXV). 3 


— 10 
i). Bimestone an creek bedk (estimated) pease =e eees ee] =e 20 
Total GlenwRose storm ations eee ee ee 315 
Basement sands (penetrated by wells at Glen Rose): 
Blutt Daleisands 23. ..2.52 22s sae oe oe ee eee ee eee ~40 |. 
Aliternationslob limestones ann Gaim eles eee 67 
Basement sand) 2s. late ee ee oo ee ee oe eee ae nee ee 20 
127 


The thickest and most southern exposures of the Glen Rose beds in 
the Grand Prairie region are shown along the canyon of the Colorado 
west of Austin, in Travis County. (See Pl. XX, B.) 

The accompanying detailed section of the entire thickness of the 
beds of the bluffs of the south side of the Colorado in the vicinity of 
Round Mountain, Travis County, is typical of these beds. It coincides 
almost exactly with Mr. Taff’s* Sandy Creek section, previously meas- 
ured, on the opposite side of the river. 


Section No. 8.—F Rom Top OF HIGH HILL SsoUTH OF RounD MOUNTAIN, EAST OF ROAD 
FROM BEE CAves 10 LOHMANNS CROSSING OF THE COLORADO RIVER. 


Comanche Peak limestone: Feet. Feet. 
40. Limestone breaking easily; some firm slabs at top .-....------- 5 5 
Walnut formation: 
39. Clays with large Hxogyra texana; forms a shelf ..........-...-- 10) als 
Glen Rose formation: 
38. Shaly limestone; not very fossiliferous ( Tylostoma) ......------ 10. 25 
37. Alternating harder and softer strata of limestone; some thin 
slabs about bases mot tossiliterous!= sees meson eee 15 40 
36. Alternating hard and soft yellowish limestone; not very fossilif- 
CYOUSL 22 2k Sesad ec ese eee ece a Sen see ear eee eee 30 675 
35. Shaly limestone, fossiliferous, contains a few individuals of 
Cardium mediale and a few other species ..-......-..--------- ay 


1Jn 1889 Mr. J. A. Taff was employed as the writer’s assistant to make sections of these exposures in 
order to study the details and variations of the beds. These measurements and sections were later 
pubtished in detail. (See R. T. Hill, Occurrence of artesian and other underground waters of Texas, 
ete., Senate Ex. Doc. 51, 52d Congress, Ist session, Washington, 1892; and second edition of same, 
Washington, 1893; also J. A. Taff, Third Ann. Rept. Geol. Survey of Texas, Austin, pp. 1892, 295-300.) 

2Mr. Taff’s section measured 447 feet, or 8 feet lessthan this: Third Ann, Rept. Geol. Survey Texas, 
1891, Austin, 1892, pp. 298-299. 
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» Glen Rose formation—Continued. 


34 


30. 
32. 


Wahiteslimestoness breaks easily aes eee nse sen ee eee eee 
Whiky mneirernells Kondoalboye i WeIAgNCO. 6 se5enececaloeosuocessesos 
Alternations of soft argillaceous or marly limestone with harder 

thin layers of purer limestone (four hard and three soft layers) 


mS lopermndasneli-stossils7atitop ssn see ne eee eee see eacae 


Hard, nodular limestone; contains Nerinea fragments - --- - ---- - 


meSloperamdpsie lies 28 5 ketet S eee cette ee ee ete eee ate 


TELL, TORIC INS OQ) ee eae ee Pe eee e eis ape Peek ae any hae 


mS LODE mela centle——ratherasheli 292 95) 2- ssn aes 
. Bed of Monopleura in hard, yellowish limestone -__..---------- 
mellandempertoraved linn estonGecs-ee 4-8) nee ee eee tee eeeee 
. Alternating thin hard layers and soft thick layers; the thin lay- 


ers 6 inches to one foot, the soft 3 to 4feet.............-...-- 


2%, Sori, Coal, ehacall exes squbtte as ee oe eo ee osoboodacssoseus soe 
22. Ledge of hard, yellowish, perforated limestone, 2 feet; hard ledges 
COMMIT ES TOME ROM eC ee as tery 22) hee bac eae oe tee 
Dil, SHOT MN Lowsires INKS hese ere Ueegea ae sier P e r ie Wala Le pe he 
20. Soft argillaceous limestone, marly; forms a slope--------------- 
om Sivelwaboveledsejelow,) Tisesins =. se --ee eases sass ee eee eee 
18. Soft, chalky (argillaceous) limestone with Lvogyra texana at base, 


with harder layers that form shelves—eleven hard ledges. 
Twenty feet from the top of these beds the hard ledge is honey- 
combed by solution, and is arenaceous. In the lower 20 feet 
numerous fossils occur. Lamatia ( Tylostoma) pedernalis, Cardium 
mediale, ‘*Goniolina,’”’ ete.; also horizon of FL. texana. Thick- 


. Hard ledges of honeycombed (perforated) limestone. The lime- 


stone, hard, yellowish, contains many poorly preserved 
calcitized fossil shells, largely the remains of Nerinea ...-.---- 


16. Hard ledge of limestone; many Cardium mediale.....-.-.------ 
om SObeanoulaceouschallkeya limestone soeeese 22sec o- se aeeee 
14. Ledges, 6 inches to 1 foot thick, with soft, shaly layers between. 
1B Soin INNES WOMO.. sanctecs pee Boe e Oe AOS aoa eee Saeco seceerEeeeee 

12, letagol Jlocee. c63¢ bei56 Sep ee eno eee Bere ae eer ae eae 
iE Sonrachallkwgranciullaceous! layeneess == 25 see soe nares sees 
10. Ledge of hard brownish or yellowish limestone, containing em- 


Sw go 


5. 


[bec dedssamndtonainsie sere sree A See ee eee norte oo secs 
Soft, chalky, argillaceous limestone, with an occasional hard 
ledge. Hard ledge 2 feet thick 15 feet above base. In the 
upper part of this marly bed fossils are very abundant. 
Cardium mediale, Lunatia ( Tylostoma) pedernalis, many echino- 
derms, Pseudodiadema texana, Nerinea, Ostrea, etc..---.------ 
Wedeevothardayelllowishplimestonem= esses sss s5 9-5-2255 5— 
Slope; underlain by soft, chalky limestone. ._-.-.-....+-..----- 


Travis Peak formation: 


4. Rather hard ledge, with poorly preserved fossils; appear to be 
OWSUGIR soc aegucds Babe oe SOEs OBR OBOE EGA G ES in ena eae 
See SOL me hallika@lliMestomeus 2c eee s acts Sei ee ie woe ee 
2. Ledge of yellowish limestone, 2 feet, and 40 feet of the section 
COV Ered aD vaniliyers alli va Se see oe Sera Ae ete oe ecetteate 
1. Yellowish calcareous sandstone at river level; thickness not 


obtainable. 
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Totals of foregoing section. 


Comanche Peak (in part) and Walnut formation ---........__..._-..-- 15 
Glen Rose formation |(entine) jab o ube ee 455 
Travis Peak formations Women penta cee se eee eee eee ren 64 

Total of section; +a boute=ae eae ee ee aB84 


In the foregoing section thin beds of calcareous packsand appear 
above the Caprotina bed, interstratified with the lower Glen Rose lime- 
stones; or the latter themselves are arenaceous in their basal layers, the 
clay and lime material increasing and the sands decreasing in ascend- 
ing series. ‘These impurities are increasingly noticeable westward, in 
which direction the limestone beds fray out into clays and sands. 
These partially arenaceous beds of the lower portion of the forma- 
tion do not occur in as uniform alternations as those of the upper third. 
For instance, there may be 10 or 12 feet of soft, friable material, and 
then a thin layer of less than a foot of indurated stone. In weather- 
ing, this results in wide terraces with low but steep bluffs surmounted 
by flat-topped stratum benches, as seen in southeast Blanco County. 

The yellow magnesian and lime strata increase in thickness in ascend- 
ing series as the sands decrease, and become conspicuous in the middle 
portion, occuring in strata often 5 to 15 feet in thickness, as seen in 
the cliffs of Mount Bonnel, near Austin. 

The upper third of the formation, as seen at the top of Mount Bon- 
nel, presents thin alternations of friable, slightly arenaceous marls and 
hard limestone strata. The limestone strata usually average less than 
afoot in thickness. These alternations occur with great regularity 
and persistence. The marls are soft and laminated and are composed 
largely of minute shell fragments, giving the beds a distinctly granular 
oolitic character. They have little clay and imbibe the moisture very 
freely. 

North of the Lampasas the Glen Rose formation is succeeded above 
by the Paluxy sands, which are believed to radically change south- 
ward into thin alternations of sandy marl and limestone, composing the 
upper 100 feet of the Glen Rose formation of the Colorado section, 
where the top of the Glen Rose formation is just below a bed of yel- 
low marl (the Walnut formation), which is persistent over a great area 
in central Texas, and is the culminating horizon of the oyster Hvoqgyra 
tevana, after which the Walnut beds have at times been called. 

In the northwest corner of Comanche County is a group of isolated 
limestone mesas representing the northwest extension of the Caprina- 
capped buttes of the Grand Prairie. The following is a section of 
Baker Mountain, at the southeast corner of these buttes, made by 
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Section No. 9.—Baker Mountain, ComancHE County, TEXAs,’ SHOWING THINNED- 


OUT WESTERN REPRESENTATIVE OF THE GLEN RosE FORMATION No. 2. 


i 

| Total depth 
| Thickness. | to bottom 

of stratum. 


Feet. | ‘eet. 
6. Comanche Peak limestone, with probably the basal por- 
ToOnottnesbidwands limestonGs.-.---20555 55526 eee see 110 110 


5. Paluxy and Walnut formations. Calcareous, indurated 
sandstone, grading upward into marly or arenaceous, 
crumbling limestone, bearing small Fvogyra texana, 
Gryphea pitcheri, and associated fauna of the Pxogyra 
bed, such as Ammonites, Towaster, Natica, and Cardium. - 20 130 


4,3. Glen Rose formation (?). Red and purple clays, locally 
distributed. In some places it is 10 or more feet in 
thickness; at others it is absent. Stratified, partially 
indurated, calcareous sand, which weathers in rough, 
PLO CU ebay OROUSSM ASSES = terete Se nae sete rete ee 210 340 


2,1. Trinity sands. Coarse, gritty sand. Porous homogene- 
CCMA ACK SAI Cima so ene pe ee ieee Asa | 110 450 


0. Carboniferous sandstone. 


Section No. 10.—Srcrion souTH sIDE oF SALT CREEK, ONE MILE SsoUTH OF Corron- 
DALE. (TArFrF.) 


Total depth 
Thickness. | to bottom 
of stratum. 
Feet. Feet 
Ole a UbKe asa (eee eter miriay eth cuba A Sl wee See SE loses sce] iocsemect 
4. Arenaceous limestone with fossils _......j.......-.--..--- 10 10 
ounCalcaréouchlayerssmalserbeddedii. <= 225222458 e42622 ese | 10 20 
2. Fossil leaves and wood in thin, irregular sheets _..__..---- 0.5 20.5 
il, IBaceaacime ove Waban Ghiol 05 oo ao eRe aac 5 aoe nose eee aeoee +50 70.5 


For 50 feet above the fossiliferous strata the sand layers show 
various degrees of compactness. They are interstratified with bands 
of lignite and lignitic sand and bear much silicified wood. Such 
exposures occur in a rayine near the Fort Worth and Denver Rail- 
way 5 miles northwest of Decatur. 

The Glen Rose beds are not exposed along the western and northern 
border region from central Wise County to the Arkansas line. This 
is probably because the beds have lost their identity throughout this 
littoral area by having become merged into the Basement sands, and 
because a change in strike from a north-south to an east-west direction 
takes place in this vicinity. The typical limestone beds of the seaward 


1 Modified from a section by J. A. Taff: Third Ann. Rept., Texas Geol. Survey, Austin, 1891, p. 321. 
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extension are no doubt fully developed coastward beneath the Grand 
Prairie. 

No outcrop of the Glen Rose beds is known in Indian Territory, 
where the entire Trinity division, so far as known, is made up of sand. 


THICKNESS AND VARIATION OF GLEN ROSE BEDS. 


The greatest thickness of the Glen Rose beds exposed in the Colo- 
rado section is about 435 feet, of which probably 100 feet at the top 
may be considered the equivalent of the Paluxy sands. The rocks are 
exposed in many sections from the Colorado northward about 130 
miles to Glen Rose. Near the latter place, as shown in the Comanche 
Peak section, the Glen Rose beds haye an exposure of 236 feet, which, 
together with the overlying Paluxy sands, show a thickness about 
equivalent to that of the Round Mountain section of the Colorado 
Valley. 

The Glen Rose formation decreases in thickness from east to west, 
and passes from limestones into clays and sands toward the western 
border region, as is shown by various general and local sections and 
described in detail later under the head of Structure. (See figs. 8, 41, 
and 44.) Obversely stated, in going south-southeast, perpendicular to 
the strike, from any point on the western border of the Grand Prairie, 
the rocks of the Glen Rose rapidly increase in thickness along the line 
of dip and change from sands into clays and limestones, thus thicken- 
ing coastward from the interior border region at a varying rate, to be 
explained later, but averaging 8 feet to the mile. 

In the sections of the western border the Basement sands pass 
upward into reddish clays, sandy clays, and impure limestones; pro- 
ceeding coastward, the limestones become more frequent and abundant 
and the sands and clays less important. 

As shown in the discussion of the transgression of the beds of the 
Trinity division upon the Paleozoic rocks of the old Cretaceous shore 
line, the Glen Rose beds are largely represented along the western bor- 
der by pack sands which herein have been included under the general 
name of the Basement or Trinity sands. There is little doubt that 
a large part of the Basement sands of the western border from Burnet 
to north of Nix, Lampasas County, as well as of the Antlers sands 
of the northwestern and northern border regions is synchronous with 
the lower portion of the Glen Rose formation. It is also certain 
that the uppermost calcareous Glen Rose beds of the southern sections 
represent the southern equivalent of the Paluxy sands of the north- 
west, as will be more fully set forth under the head of Paluxy sands. 

There are but few places within the area of the Grand Prairie proper 
where the entire thickness of the Glen Rose beds is exposed, notably 
between the village of Paluxy, Erath County, and the higher slopes of 
Comanche Peak in Hood County, around Lampasas and in the Colorado 
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section of Travis County. Even these sections thus exposed, owing 
to their proximity to the western border, do not represent the Glen 
Rose beds in their greatest thickness. 

Eastward down the valleys of the streams incised below the level of 
the Lampasas Plain, which but seldom cut entirely through the Glen 
Rose, the streams become superimposed upon successively higher and 
higher beds. The lower beds become successively embedded as one 
proceeds down the streams, and the sections exposed in that direction 
are constantly being curtailed of their lower beds. Thus sections of 
the beds in regions of their greatest thickness to the east are only par- 
tial, as in the case of the Mount Bonnell section and the Rocky Creek 
section in Williamson County, where the lower part of the formation 
is concealed. Finally the streams, in their coastward journeys, com- 
pletely surmount the Glen Rose beds, which become entirely embedded 
beneath the Black Prairie, so that beneath the latter area their thick- 
ness can be estimated only from the artesian-well drillings, which show 
them to be 600 feet at San Marcos, 600 feet at Austin, 400 feet at 
Belton, and 554 feet at Waco. (See chapter on Structure and various 
geological sections. ) 


PALEONTOLOGY OF GLEN ROSE BEDS. 


The Glen Rose beds contain fossil remains of foraminifers, echin- 
oids, mollusks, vertebrates, and plants. Corals, brachiopods, and 
ammonites are conspicuously lacking. The mollusks are the most 
abundant, but are rarely well preserved, usually occurring as casts and 
molds. Many layers are barren; others are made up almost entirely 
of organic remains. In general, the fossils occur in certain conspicu- 
ous fossiliferous zones, which have wide extent and are eyen more 
persistent than the lithologic matrix in which they are embedded. 

In the typical Comanche Peak section the lower 30 feet is marked 
by numerous mollusks, forming a massive agglomerate, above which 
is a single stratum, from which one exceedingly rare fish, the only 
specimen of its genus hitherto found in America (see Pl. XXIV), 
Macrepistius arenatus Cope, has been procured. <A list of the inver- 
tebrates of this horizon is given on page 161. 

For an interval of from 80 to 100 feet above this lowest fossilifer- 
ous horizon the Glen Rose section is comparatively barren, but has 
not been carefully searched for fossil remains elsewhere. About 100 
feet above the base of the section, 250 feet below the base of the 
Fredericksburg division, and 150 feet below the base of the Paluxy 
sands of the Comanche Peak section, are thick, white, chalky lime- 
stones aggregating about 36 feet, which are exposed in the banks of 
the Brazos east, north, and south of Granbury. The lower 20 feet of 
this limestone is a massive agglomerate of fossil requienias embedded 
in a firm semicrystalline matrix of white limestone. This requienia 
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limestone is a most important paleontologic landmark. The 16 feet 
of limestone lying above this contains innumerable molds and casts of 
Lunatia (Tylostoma),* Trigonia, Cardium, and Pholadomya, some of 
which are of the same species as those found in the basal fossilifer- 
ous horizon. Fossils similar to those of this chalky bed range from 
the base to the top of the section, but this particular horizon is one of 
the most persistent in all sections of the Glen Rose formation. These 
beds are succeeded above by thin marly clays and impure, nonchalky 
limestone. In the clays are found large free specimens of Ostrea 
camelina Cragin. The thin crystalline limestone, from 1 to 3 feet 
thick, near the top of these clay beds, is composed almost entirely of 
shell débris. Plant remains and NVerinea, Anomia, and Turritella also 
occur in this group. 

The upper 120 feet of the beds of the Comanche Peak section, con- 
sisting of thin alternations of impure clays and limestones, are largely 
made up of comminuted shell débris, but have not been searched 
minutely for fossils. The writer has observed in them numerous 
casts of Lunatia (Tylostoma) and Cardium mediale. 

In the Colorado section, which is some 220 miles south of the Glen 
Rose section, the paleontologic horizons are somewhat different. The 
lowest fossiliferous horizons are marked by the fossils J/onopleura 
and Reguienia (see Pl. XXXIIL). About 75 feet above this is a 
chalky horizon, 35 feet thick, which contains large casts of Card/ a 
mediale, Lunatia (Tylostoma) pedernalis, and Pholadomya (see P 
XXII). This is about 330 feet below the base of the Walnut se 
tion in the Round Mountain section. About 275 feet below the base of 
the Fredericksburg division there is another hard layer characterized 
by Lunatia (Tylostoma) and Cardium fauna and a problematic form 
called ‘* Goniolina.” Exogyra weatherfordensis also occurs. This 
horizon corresponds closely with the Lunatiw (Tylostoma) horizon 
above the Leqguienia horizon of the Glen Rose section, as is shown by 
its near proximity to the Ostrea camelina zone, which occurs above it, 
206 feet from the top. Verinea appears nearly a hundred feet above 
this bed, or 300 feet below the base of the Fredericksburg division, 
and ranges into it. One hundred and seventy-five feet below the base 
of the Fredericksburg division there isa second horizon of Monopleura, 
in a hard yellowish limestone, while 145 feet below is another zone of 
Nerined. 

In the upper 140 feet of the Colorado section, which homotaxially 
may represent the stratigraphic position of the lower Walnut and 
Paluxy beds of the northern sections, are numerous small fossils, 
including /xogyra texana (see Pl. XX VII), while Cardium mediate ama 
Hees ( (Tylostoma) continue to the uppermost layers. 


1Mr. Stanton has recently determined the generic name of this fossil to be Lunatia instead of 
Tylostoma, 
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Foraminifera.—A peculiar fossil of the Glen Rose beds of the 
Colorado section is the large foraminifer Orbdtulina texana of Roemer, 
which occurs in a thick, chalky stratum adjacent to thedower Lunatia 
(Tylostoma) beds, about 220 feet below the summit of the beds in the 
Colorado section. ‘This fossil has not been noted north of the Colorado 
section, but is a very marked and abundant species southward. The 
chalky bed containing these shells was formerly exposed in the bed of 
Bull Creek west of Mount Barker, but has now been covered by the 
sediments from the Austin dam. Diller’ has noted the occurrence of 
other species of oraminifera in the matrix of the Orbitulina chalk, 
belonging to that genera. 

Echinoids are very rare, so far as known, in the Comanche Peak 
section, and there are but few ia the upper 100 feet of the Colorado 
section, where a small species of //olectypus abounds. The writer has 
collected a few specimens of an irregular Epiaster-like echinoid, from 
a horizon at about the level of the Colorado near the Chautauqua, west 
of Austin. 

Mollusca.—Remains of marine mollusks abound in the Glen Rose 
formation. They occur abundantly in certain horizons, and as isolated 
specimens in other beds which are generally barren of fossils. 

Following is an imperfect list of the J/ollusca thus far reported 
from these beds: ” 


(a) From the lower beds at Glen Rose. 


Anomia texana sp. Trigonia stolleyi. 
Ostrea ragsdalei. Eriphyla pikensis Hill. 
Pecten stantoni. Protocardia sp. indet. 
Modiola branneri. Pleuromya (?) henselli. 
Leda (?) harveyi. Buecinopsis (?) parryi Conrad. 
Cyprina medialis Con. Lunatia (Tylostoma) pedernalis (Roemer). 
Cuculleea gratiota Hill. Glauconia (Vicarya) branneri. 
Cuculleea terminalis Conrad. Neritina sp. indet. 

(b) Additional species from various localities and horizons. 
Ostrea camelina Cragin. Requienia sp. 
Exogyra weatherfordensis Cragin. Monopleura gp. 


The only fossils which seem peculiar to the Glen Rose beds are the 
foraminifer Orbitolina texana and the mollusks Glauconia branneri, 
Lunatia pedernalis, and Cyprina medialis. 

The most marked molluscan fauna seems to be an association of cer- 
tain forms usually preserved as molds and casts, including large species 
of mollusks such as Cyprina medialis, Lunatia (Tylostoma) pedernalis, 
Pleuromya henselli, Trigonia, etc. These are found in nearly every 


1Bull. U. S. Geol. Survey No. 150, 1898, p. 119. 

* The writer has not access to his various collections whereby he could make a revised and final 
list of these species; and inasmuch as the study of the paleontology of the Cretaceous has been turned 
over to Mr. T. W. Stanton, it is not desirable to attempt such a list until the latter’s researches are 
completed. 
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exposure of the formation, but seem to occur in several definite horizons 
separated by barren beds in the lower and middle portions of the 
formation. Beds of this nature will be referred to as the Lunatia or 
Tylostoma beds. 

An extremely fossiliferous Lunatia( Tylostoma) horizon occurs about 
200 feet below the upper edge of the Glen Rose beds in the valley 
sections. This horizon is also well exposed in the Colorado, Comanche 
Peak, Lampasas, Williamson, Comanche, and other sections. 

Glauconia brannert seems to be a species which ranges throughout 
the beds. It occurs at the base of the beds at Glen Rose and near their 
summit at Post Mountain, Burnet County, and in western Parker 
County. 

Ostrea cameina Cragin, a normal ostrean form, apparently occupies 
a well-marked horizon about the middle of the beds. Small forms of 
Exogyra texrana (var. weatherfordensis) Cragin are found more or less 
abundantly in the Glen Rose beds. This fossil occurs in the Twin 
Sisters Peak section, Lampasas County, 50 feet beneath the summit of 
the series. At Bachelor Peak it is 150 feet beneath. This same» bed 
also occurs in the Colorado section, Bosque County, and in the 
Weatherford section. The writer has observed it also at the very base 
of the Glen Rose beds in the northeast quarter of the Blanco quad- 
‘rangle. Concerning this species it can be said that it is always very 
small, seldom exceeding an inch in length, thereby differing from the 
large adult forms which so distinctly mark the Walnut beds. 

The aberrant forms Monopleura and Requienia, which attain their 
greatest development in the upper layers of the Fredericksburg divyi- 
sion (see Pl. XX XIII), first appear at the very base of the Glen Rose 
formation in the Colorado section, from 337 to 450 feet below its sum- 
mit. Monopleuras have not as yet been detected in the northern sec- 
tions, but in Comanche Peak around Granbury there is a remarkable 
agglomerate of requienias about 130 to 140 feet below the summit of 
the beds. 

A Requienia horizon occurs in the Bachelor Peak section (Lampasas 
County), just below a Lunatia (Tylostoma) bed, in a band of hard, 
arenaceous limestone 10 feet thick, 185 feet below the Walnut beds. 
The rock weathers with a peculiar rough surface. This is probably 
the most southern outcrop of the Requienia bed of the Comanche 
Peak section. In the Colorado section there are three well-defined 
horizons of the fossil J/onopleura, at the base and in the middle 
portions of the section. 

In the more shallow beds of the upper 100 feet of the sections south 
of the Leon are found many small species which have a Fredericks- 
burg affinity. These include Zvogyra weatherfordensis, an antecedent 
of /. tevana, a small echinoid, nerineas, and other species which are 
not found below the Paluxy sand in the Comanche Peak section. In 


U. S. GEOLOGICAL SURVEY TWENTY-FIRST ANNUAL REPORT PART VII PL. XXV 


CHARACTERISTIC FOSSILS OF THE GLEN ROSE BEDS. 


1, Lunatia (Tylostoma) pedernalis Roemer; 20, 2b, Cyprina? mediale Conrad. 


Je EID dy OA i 


Fig. 


PAs, 


SOV 


CHARACTERISTIC PLANTS OF THE TRINITY DivIston. 


Pagiophyllum dubium sp. nov. 
Pagiophyllum dubium sp. noy. 
Podozamites acutifolius Font.? 


. Sequoia pagiophylloides sp. nov. 
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Zamites tenuinervis Font. 
Frenelopsis varians sp. nov. 
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the upper beds of the Glen Rose at Lampasas there are many small 
bivalves of the form described as Chione decepta by the writer. 

Nerineas especially abound in the upper part of the Glen Rose beds. 
These are first noted as a conspicuous zone in the Glen Rose section at 
Granbury. In the Colorado sections they are rather abundant as far 
down as 100 feet below the top. 

Ammonites, which occur more or less frequently through all the 
other formations, are conspicuously absent, and grypheate oysters, 
which commence in the beds above, are also notably lacking. 

Fossil plants.—Vhere are many silicified and lignitized trunks in the 
Basement sands of the western border region which have been but 
little examined by the paleontologists, some of which were deposited 
synchronously with the more calcareous beds of the valley sections. 
These are most probably the heavier parts of the same plants, the 
lighter débris of which—leaves, stems, and fruits—are occasionally 
found in the calcareous valley sections. 

Traces of fossil plant remains, such as casts of stems and leaves of 
monocotyledonous plants, are found at various places in the calcareous 
beds of the valley sections; but the only locality which has yielded 
determinable specimens is at Glen Rose, at the base of the Comanche 
Peak section. The writer has seen at Granbury monocotyledonous 
leaves and stems and plants similar to those found at Glen Rose 100 
feet above the base of the Glen Rose horizon, and at Austin in the gap 
between Mount Bonnel and Mount Barker, nearly 200 feet above the 
base of the section. The problematic fossil Gondolina, which has been 
referred to many classes of the animal and vegetable kingdom, and 
concerning which we as yet know but little, is found at the very base 
of the Glen Rose beds in the Comanche Peak section, and in the Col- 
orado section it ranges from near the base upward, occurring in several 
horizons, into the base of the Fredericksburg division. The writer is 
of the opinion that this is the fruit of a conifer, but other authorities 
disagree with him. The question can not be finally determined until 
more perfect specimens are found. 

The following species of plants are all that have been determined 
from the Glen Rose beds. These come from a single stratum west of 
Glen Rose, and were described by Prof. W. M. Fontaine.’ (See PI. 
XXVI.) 


1. Equisetum texense Font. 6. Dioonites dunkerianus (GéOpp.) Mi- 
2. Sphenopteris valdensis? Heer. guel. 
3. Dioonites buchianus var. rarinervis | 7. Podozamites acutifolius Font. 
Font. 8. Podozamites sp.? 
4. Dioonites buchianus Schimper. 9. Zamites tenuinervis Font. 
5. Dioonites buchianus yar. angusti- | 10. Abietites linkii (Roem.) Dunk. 
folius Font. | 11. Laricopsis longifolia Font. 


1 Proc. U.S: Nat. Mus., Vol. XVI, 1898, pp. 261-282. 
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12. Sphenolepidium sternbergianum var. | 18. Sequoia pagiophylloides Font. 
densifolium Font. 19. Abietites sp.? 

13. Pinus sp.? Font. 20. Williamsonia texana. 

14. Brachyphyllum texense Font. 21. Carpolithus obovatus Font. 

15. Pagiophyllum dubium Font. 22. Carpolithus harveyi Font. 

16. Frenelopsis varians Font. 23. Cycadeospermum rotundatum Font 

17. Frenelopsis hoheneggeri (Ett.) 
Schenk. 


According to Professor Fontaine,’ the plants found at Glen Rose 
show, so far as can be judged from so imperfect a collection, that the 
Trinity flora finds its nearest analogue in the older portion of the 
lower Potomac. There is, however, this important difference: No 
trace of angiosperms, even the most archaic, has been found. We 
have only the four elements of the typical Jurassic flora. This, then, 
makes the Trinity flora somewhat older than that of the oldest Potomae. 
The absence of the angiosperms and the presence of the forms that are 
found, indicate decidedly that the Trinity flora is not younger than the 
earliest stage of the Cretaceous. 


PALUXY FORMATION, 
CHARACTER AND OCCURRENCE. 


The Paluxy sands (see Pls. LX VI and L.XX), although of less areal 
extent than the lower sand beds, mark an important horizon, inasmuch 
as they are a valuable source of artesian water in the region of their 
embed and of surface wells in the area of their outcrop. — 

In Wise, Parker, Hood, Erath, Somervell, Bosque, Hamilton and 
Coryell counties the Glen Rose limestones grade up into a well-defined 
and mappable formation, which attains a maximum thickness of 100 
feet, composed of fine white packsands closely resembling the Base- 
ment sands, of which they are a ramification, as is elsewhere shown, 
and the outcrop of which corresponds to the eastern limbs of the 
Western Cross Timbers, as shown on Pl. LXVI. When these sands 
outcrop on slopes or plains, or otherwise than in vertical exposures, 
they are marked by a growth of forest timber, largely post oak and 
black-jack. 

As a whole, the Paluxy bed is a body of homogeneous, fine-grained, 
porous, compact, but not indurated sand, bearing numerous speci- 
mens of silicified and lignitized wood. In detail it is false bedded on 
an extensive scale, and often finely and beautifully laminated. Lentic- 
ular bands of impure clay occur, with lignitic sand in like form. The 
basal position of the sand becomes calcareous and flags of compact 
semicrystalline shell limestone sometimes occur in the marly sand. 
Near its upper limit the sand becomes argillaceous in some localities, 
and occasionally there are nearly pure clays. The sand is stratified 


1QOp. cit., p. 279. 
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and sometimes cross bedded, and there are local hardenings. The 
color changes from gray to yellowish, and the amount of ferrugination 
which is here found is variable. Southwest of Weatherford, along 
Sanchez Creek, the argillaceous bands are made up of thin agglomer- 
ates of calcified shells, mostly V/carya and small species of bivalves. 
While similar to the Basement sands in many respects, the Paluxy 
sands are more calcareous and argillaceous in places, and possibly less 
ferruginous. 

The general outcrop of this formation, except its extension west- 
ward around the Callahan Divide (see Pl. LIV), is well shown on the 
geologic and the artesian-well map (Pl. LXVI). The principal 
outcrops are found within the western portion of the Lampasas Cut 
Plain, between the Trinity and the Leon. It also occurs along the 
western border scarps, ultimately becoming the Basement sands along 
the Callahan Divide. It also extends northward from Decatur, but in 
this portion of its course it is so united with and inseparable from 
lower formations of the Basement sands that it is necessary to treat 
it under another head (see Antlers sands, p. 192). 

The most typical exposures of the Paluxy formation lie within the 
northern portion of the Lampasas Cut Plain, in Parker, Hood, Somer- 
vell, Erath, Bosque, Comanche, Hamilton, and Coryell counties. (See 
Pls. LXIV, UXVI.) In this area the outcrops, like those of all the 
formations within the Lampasas Cut Plain, occur in numerous discon- 

“nected belts or ribbons running parallel to the drainage. 

In the western portion of the area above mentioned, where the 
original Edwards cap rock of the plains has been denuded, the Paluxy 
sands form large districts of upland forested sandy land, notably along 
the divide of the Paluxy and the Brazos from Comanche County far 
west into Erath County, and along the divide of the Paluxy and Bosque 
in Erath County. To the east, as the preserved areas of limestone cap 
rock become more extensive, the outcrops of Paluxy sand gradually 
but slowly descend the slopes toward the rivers, in general occurring 
as narrow belts parallel with them, until they finally reach the streams 
and become embedded. 

The Paluxy sands become separated from the Basement sands by the 
appearance of the Glen Rose formation between them in Wise County, 
at a point between Decatur and Alvord. At Decatur the beds are 
well developed. Here the formation merges into the overlying and 
underlying beds rather gradually and the Paluxy sands contain a 
very argillaceous bed of honeycombed limestone. The outcrop con- 
tinues down the indentations of Trinity River to Azle. into western 
Tarrant County. 

At Weatherford the outcrops turn southeast again, along the outer 
margin of the Brazos Valley, just below the crest line of the western 
escarpment of the Grand Prairie. This belt is many miles from the 
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stream and some 500 feet above it, making a thin, narrow ribbon of 
forested land, bordered on both sides by wide areas of prairie established 
upon the overlying and underlying calcareous formations, and is seldom 
more than a mile wide. It extends from west of Weatherford to the 
Brazos, at the southeast corner of Hood County. It constitutes a con- 
spicuous example of the relation of forests to 
formation. 

After crossing the Brazos at the last-mentioned 
locality the outcrop again turns up that stream 
and follows its western valley slopes. Between 
the Brazos and the Paluxy, at the base of 
Comanche Peak, the sands form the plain of the 
wide plateau, making an elevated shoulder of 
forest region around the butte. Here the beds 
are 100 feet thick and in character similar to 
those at Decatur. This plateau, as seen along the 
line of railroad between Granbury and Stephen- 
ville, and Stephenville and Dublin, is especially 
conspicuous southwest of Granbury, forming a 
large upland timbered region, from which the 
Fredericksburg limestone cap has everywhere 
been degraded except at Comanche Peak. 

The Glen Rose formation occupies a belt which 
extends many miles down the south side of the 
Paluxy, descending from the divides at the head 
of the Paluxy to the level of the river at its 
mouth, and finally disappearing by dip at Bluff 
Mills, near Kimball. 

The sands are well exposed along the outer 
slopes of the Leon Valley, near Dublin. Two 
or three miles west of Dublin there is a very 

fine cut in the sand, some 50 feet in depth, which 
Fic. 13—Walnut, Paluxy, shows cross bedding to a remarkable degree, 

Glen Rose, and Trinity for- 5 S 

mations, Dublin, Texas. suggesting at first glance a wide unconformity. 

aOR tne a The sands make similar belts up and down the 

valley slopes of the Bosque and the Leon, first 

occupying the high divides in Erath County and gradually descending 

the slopes until they cross the Bosque in the vicinity of Clifton and the 

Leon near Gatesville. East of Dublin and along the Bosque Valley 
toward Walnut, Bosque County, the formation is 50 feet thick. 

Near the eastern limit of Comanche County, along the slopes of the 
Leon Valley, the sand is nearly 50 feet thick (see fig. 13), but on 
passing down the valley to its most easterly exposures near Jonesboro, 
Coryell County, it thins out to a narrower band, 15 feet thick. The 
sands extend for a considerable distance down the Leon Valley, although 
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it is difficult to determine their exact eastern limit on account of con- 
fusion with the drift of Leon River, composed of this débris, in eastern 
Coryell County. Jonesboro, Coryell County, is situated directly on 
the outcrop of these sands, and the Lanham road northward from 
the town crosses it several times. A few miles north of Jones- 
boro the sands are only about 15 feet thick, showing a decrease to the 
south. 

South of the Leon the Paluxy sands are exposed only in scattered 
spots in the western portion of the Lampasas Plain, where erosion has 
stripped away the overlying cap rocks. In this region they pass rap- 
idly into limestones in the east. Thus east of Burnet on the Mahomet 
road they appear as occasional areas of reddish sandy lands, bearing a 
growth of post oak. At some places in this vicinity their outcrop is 
unmistakable, as near the junction of Northern and Russell forks of 
San Gabriel River. 
Elsewhere the locali- 
ties are very small in 
area. 

An argillaceous 
calcareous sand, 15 
feet thick, in the base 
of Bachelor Peak, in 
the northeast corner 
of Burnet County, 
between the Glen 
Rose and Walnut 
beds, is a character- 
istic representative 
of the Paluxy sand 
bed in this region. 
This also outcrops 
around the head of 
North Rocky Creek south and east of Bachelor Peak. Where it 
occupies a level surface of a considerable extent marked by ‘‘ skirts” 
and clumps of timber it is the source of many small springs. Wells 
sunk into it are abundantly supplied with water. 

Another narrow belt of Paluxy sand appears near the source of 
Hickory Creek, Burnet County, just beneath the Walnut formation, 
but soon changes into an arenaceous limestone as it is traced toward 
the east, as do the outcrops in the vicinity of Bachelor Peak. (See 
fio. 14.) 

The absence or sparse representation of the Paluxy sands south of 
the Colorado-Brazos divide may be explained by several hypotheses. 
One of these is that either the region was more remote from the pre- 
existing land from which the sediments were derived, and hence the 


Fie. 14.—Section of Bachelor Peak, Burnet County, Texas. (For ex- 
planation of lettering, see Pl. XVI, p. 110.) 


170 BLACK AND GRAND PRAIRIES, TEXAS. 


latter were of a calcareous offshore nature, or the preexisting lands of 
the Paleozoic limestones of the Burnet district, which probably per- 
sisted above the Trinity waters in the Burnet area until the Comanche 
Peak epoch, were of a nonsiliceous composition, resulting in a different 
character of synchronous sedimentation. It is the writer’s opinion 
that these sands gradually change into the upper limestones of the 
Glen Rose beds of the southern sections. 

In some places along the western border scarp of the Grand Prairie, 

dependent upon the persistence or resistance of the calcareous Glen 
Rose beds, the Paluxy formation can be differentiated from the Base- 
ment sands in general. In others its 
individuality is lost through mergence 
= into the Basement sands. 
400 Beginning near Decatur, its out- 
corps along the western border can 
be distinguished from the underly- 
ing Trinity sands as far southeast as 
the Leon by the occurrence of the 
merest trace of the Glen Rose beds 
between them (see fig. 15). Between 
the Leon and the Brazos, from near 
Desdimonia, Eastland County, to near 
200 =LLipan, Erath County, the latter oc- 
curs as a thin, narrow bluff forma- 
tion in the escarpment between the 
two sands. 

Upon the western border, from 
the Leon to central Burnet County, 
the Paluxy formation is not defina- 
ble, although arenaceous limestone 
or very calcareous sandstones occupy 
sey Hae? lator enn teaPe a ee its position at the summit of the Glen 

Trinity divisions, Decatur, Texas. (For Rose formation near Nix and Lam- | 

eas of lettering, see Fl. XVL yasas, Im this locality the Paluxy 

formation is less apparent along the 
western border than it is just to the east of it on the coastward side 
of the remnant of the Lampasas Cut Plain, previously described as 
separating the Colorado drainage from that of the Lampasas and San 
Gabriel. The western and northern continuation of the Paluxy sands 
is further discussed in the sections on the Antlers and Basement sands. 

Seven miles east of Decatur the upper part of the Antlers sands, 
which is equivalent to the Paluxy sand, is seen in contact with the 
Walnut beds, here consisting of a great development of Gryphwa 
rock, with Exogyra texana, showing about 30 feet of alternating layers 
of limestone and Gryphwa rock. A few miles northeast a zone of 
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Ostrea crenulimargo appears at the top of these sands, although not 
seen west of Hare Creek, and the Gryphwa breccia increases in thick- 
ness. This fossiliferous horizon continues through northeastern Wise 
County and southwestern Cooke County, being notably conspicuous at 
Blockers Creek. 

In general the Paluxy sands thicken to the northwest, along the 
antidip, and thin with the dip to the south of east. The strike of the 
line of greatest thickness seems to be northeast and southwest from 
Decatur to the thirty-second parallel, and thence westward along the 
latter to the Llano Estacado. They are of greatest thickness along 
the western escarpment from Eastland County to Decatur, being 190 
feet at Twin Mountain, Erath County, 120 feet at Weatherford, and 
140 feet at Decatur, thinning to the southeast along the dip and to the 
south along the western border region (which is not coincident with 
the line of strike), finally playing out altogether as an arenaceous ter- 
rane in the latter direction. 

An important stratigraphic feature of these sands is the fact that 
their embedded portion does not completely underlie the Black and 
Grand prairies, as do the Basement sands, but ultimately end coast- 
ward and south by changing into limestones and clays. The extent 
and limitations of this area of embed as determined from well drillings 
are more fully discussed elsewhere in this report. 

Fossils.—The Paluxy sands are remarkably free from fossil remains 
other than logs of silicified wood, which occur in great abundance in 
Parker, Hood, Erath, Comanche, and Bosque counties. A few rare 
specimens of fish remains have been found, including the species of 
Pycnodontidw, described by Cope,’ which occur in these sands in the 
creek bed at Weatherford. In western Cooke and northwestern Wise 
counties the uppermost layers of the Paluxy sands contain the rare 
ostrean form, Ostrea crenulimargo Roemer, and in southern Indian 
Territory and along Red River Evogyra texana Roemer. The sands in 
these localities, however, are undoubtedly the homotaxial equivalents 
of the basal Fredericksburg division. 

BASEMENT SANDS (REPRESENTING VARIOUS FORMATIONS) ALONG WESTERN BORDER 
REGION. 

The chief exposures of the Basement sands are in the main belt of 
the Western Cross Timbers, at the base of the western border scarp of 
the Grand Prairie, extending from the Colorado River of Texas to 
Red River and eastward to Arkansas. (See Pls. LXVI, LXIX, 
LXVII.) Long, disconnected belts of these sands, from 10 to 30 miles 
in length, occur in the valleys of certain streams, like the Paluxy and 
Bosque, in the western portion of the main area of the Lampasas Cut 
Plain. West of the main belt along this border, within the Central 
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Province, are many fragmentary disconnected patches of the Basement 
sands resting upon the Paleozoic rocks, notably in San Saba, Brown, 
Coleman, Callahan, Taylor, and Jack counties and in the Chickasaw 


Nation. 
EXTENT OF BASEMENT SANDS. 


It having been shown that the Basement sands of the western bor- 
der, which have the aspects of a mappable formation, are largely the 
attenuated interior margins of all the formations of the Trinity divis- 
ion, they will now be further described. They first reach northwest 
through Burnet, Lampasas, and Mills counties to Brown County, 
Texas, along the eastern slopes of the Colorado Valley. From Brown 
County the outcrop deflects west along the south side of the narrow 
Callahan Divide for many miles to the Llano Estacado, and thence 
back again on the north side. From northern Brown County on the 
north side of the divide, after a long indentation of 50 miles down 
the Leon Valley, the belt turns northeast through Comanche, East- 
land, and Erath counties to the Brazos, and thence in zigzag lines 
through Hood, Parker, Wise, Montague, and Cooke counties in Texas 
northward to Healdton, Chickasaw Nation, and thence east to the 
Arkansas line at the crossing of Little River. 

Roughly measured, and not including the minute meanderings, the 
length of the narrow belt of outcrop along the western border is esti- 
mated as follows: From the Colorado to the Callahan Divide in north- 
ern Brown County, 100 miles; west along the Callahan Divide, follow- 
ing the thirty-second parallel to the Colorado River and return, 300 
miles; the indentation of the Leon Valley from May, Brown County, 
southeast to Hazledell, Comanche County, 35 miles, and north to Des- 
dimonia, Eastland County, 35 miles; the main border from Desdi- 
monia north of east to the Brazos, 45 miles; the zigzag meandering 
down and up the indenting valleys of the Brazos and Trinity to Deca- 
tur, 100 miles; from Decatur to Healdton, Indian Territory, 90 miles; 
from Healdton east to the Arkansas line, 175 miles; from the Arkan- 

as line east to near Murfreesboro, Arkansas, where the sands finally 
disappear, 30 miles; a total of 910 miles. 

The width of the belt of outcrop varies with the topography. It is 
governed by the degree of preservation of the rocks of the overlying 
slopes and scarps composed of beds of Glen Rose and Edwards lime- 
stones. The latter extends for the most part to within from one- 
fourth of a mile to 2 miles of the western crest of the Grand Prairie, 
forming low escarpments that overlook the slopes composed of the 
Glen Rose formation which lead down to the Basement sands. The 
belt of sands is usually upon a lower-lying plain extending from 
the base of the Glen Rose slopes to the outcrop of harder rocks of the 
Paleozoic border, which may vary in width according to the degree of 
erosion of the overlying beds. 
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Between the Colorado and Nix, Lampasas County, where the deep- 
cut river approaches close to the western escarpment line, the areal 
outcrop of the beds is a narrow belt seldom exceeding a mile in width. 
The width gradually increases from Lampasas County northward as 
the river and escarpment diverge. 

In approaching the gap in the Callahan Divide near the north line 
of Brown County the width and thickness of the Basement sands 
greatly increase and the surmounting escarpment is reduced to a nar- 
row remnant of the Glen Rose limestone. The area widens down the 
Leon Valley, and then narrows again where the rocks disappear with 
the dip. 

From Lipan, in the northwest corner of Hood County, the outcrop 
of the Basement sands narrows as it turns down the Brazos Valley and 
back again through Parker County, on the west side of the Weather- 
ford quadrangle. From Comanche County north to Red River the 
average width of the belt of Basement sands is from 3 to 10 miles; 
they attain their greatest width in Wise and Montague counties, where 
they spread over considerable areas. They seldom exceed 10 miles in 
width, being widest in that portion which extends irregularly north- 
ward from Parker County to the mountains of Indian Territory. The 
total areal extent of the Basement sands along the western border of 
the main Cretaceous and north of the Colorado River in Texas can not 
be less than 1,200 square miles by the lowest estimate. In Indian 
Territory these sands vary from 1 to 15 miles in width, being 14 miles 


wide between Antlers and a point just north of Goodland. 
TOPOGRAPHIC ASPECTS OF THE BASEMENT SANDS. 


Owing to the unconsolidated, pulverulent nature of these sands they 
? : 
are more rapidly eroded than the overlying limestone of the adjacent 
scarps or the underlying floor of older rock. Their outcrops therefore 
present no sharp or conspicuous features of relief, except when they 
form the base of a bluff supported by a protecting caprock. There are 
three topographic phases of the Basement sands—vertical bluffs; wide, 
i ‘-covered flats overlooking the Paleozoic regions 
level, timber-covered flat rlooking the Pal ic regi to the 
west; and wide valleys incised into the Glen Rose formation and bor- 
sloping, terraced escarpments. 1e first is characteristic of 
dered by sloping, terraced e ts. The first is characteristic of 
e Basement and the Paluxy sands, and depends upon the pres- 
both the B t and the Paluxy 1s, and depend the pre 
ence of an overlying cap rock of a more indurated character, while the 
second and third types depend upon the character of the foundation 
formation, which upholds the sands long after the cap rock has been 
removed. 
scarpment faces of sand are seen in steep westward-facing 
The e t f f { teey tward-facing 
declivities wherever the upper limit of the sands are exposed south of 
I 
Trinity River along the main western border. Most of the flats occur 
fo) 
along the western border north of the Colorado and in the incised 
valleys. 
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These flats sometimes have a low, hilly relief, as seen in the rolling 
‘sand roughs” found in northern Brown County, eastern Callahan, 
and Eastland counties, and throughout the area of the Antlers sands. 
A narrow belt of country of this character extends northward between 
Elm Fork of Brazos River and Hubbard Creek, west of the area of 
the map, Pl. L:XVI, in an irregular zone from the Callahan Divide in 
the southeast corner of Taylor County. Here the sand forms low 
oval hills, everywhere covered by a dense growth of dwarf oaks. The 
surface is generally level and the hills are low and numerous. From 
these areas of sands the limestone that was once above them has been 
removed. 

The escarpments which border the sands to the coastward turn 
down the through-cutting rivers from the west—the Leon, Brazos, 
and Trinity—and gradually widen out on each side of wide, flat val- 
leys within the main area of the Lampasas Cut Plain. These valleys, 
each bordered by widely separated walls, through whose center flows 
a stream, small in proportion to the width of the valley, are also well 
developed just below the headwater portion of certain prairie streams, 
notably the Paluxy and the Bosque, where they form valuable agri- 
cultural lands. 

The upper portion of the Basement sands and the overlying beds 
of limestone form a bluff with sloping base along the eastern summit 
of the Red River Valley in Montague and Clay counties. From this 
summit extensive views can be had across the thick forests of the 
cross timbers. Here the sands form the slope of a generally wide 
valley occupied by the Western Cross Timbers. Although the Cross 
Timbers occupy this valley, the Basement sands underlie only the 
coastward portion. From the interior margin of the sands at their 
contact with the Paleozoic a rolling country of wooded and prairie 
land begins rising gently toward the west. Near the coastward bor- 
der bold, flat-topped, limestone-capped, timbered buttes—remains of 
the Grand Prairie—‘‘are silent witnesses to the fact that they are 
remnants of beds that once extended over many thousand square miles 
of the ‘Denuded Area’ toward the Staked Plains.” Rapid denuda- 
tion of the sand (more rapid than that of the overlying limestone) 
undermines the limestone and maintains an ever present escarpment, 
which is gradually moving east. 

In southern Indian Territory the sands make a wide valley belt 
between the mountain front and the Goodland scarp, and consist of 
very low mounds of timber-covered land. Here the interior margin 
of the sands cecupies the lowland immediately along the south front 
of the Ouachita uplifts, resting upon a pre-Cretaceous base-level, at 
many places reexposed by denudation and composed of the upturned 
and planed-off rocks representing the former southward extension of 
the mountains. 


lod 
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The Basement sands, although varying in thickness, being a bed 
nearly 100 feet thick at Colorado River in the southeast corner of 
Burnet County and a comparatively thin band of limestone conglom- 
erate where the contact crosses the north line of the county, average 
about 100 to 120 feet in thickness throughout their extent. 

From the Burnet-Lampasas county line northward across Lampasas 
and Mills counties the conglomerate increases very gradually in thick- 
ness, from a thin band to a bed nearly 100 feet thick, surmounted by 
100 feet of sand. Along the base of the Callahan Divide the sand 
varies in thickness from 60 to 160 feet. At Buffalo Gap it is 140 feet 
thick. On the west side of the valley of Bitter Creek in Nolan County, 
where it rests on the Permian, it is 120 feet thick, with a 10-foot band 
of conglomerate at the base. In Horse Mountain, nearly due south of 
Bitter Creek, it is 160 feet thick. In Church Mountain section, Runnels 
County, it is 90 feet thick. About 10 miles west of Horse Mountain 
there are only 50 feet. West of Weatherford the Basement sands are 
115 feet thick. Continuing northward across the State into the region 
where they represent the united Trinity and Paluxy sands, the forma- 
tion becomes at least 300 feet thick, and is probably over 400 feet 
thick in Indian Territory. 


CONTACTS OF BASEMENT SANDS. 


On account of the irregular surface of the Paleozoic rocks upon 
which the Basement sands rest and the varied erosion of the many 
streams that pass across it with the dip of the rocks, the contact lines 
along the western border mark a course so tortuous that it is difficult 
to locate it by description. It is traced in detail on the map (Pl. LX VT) 
and is shown on the general map accompanying the First Annual Report 
of the Geological Survey of Texas, on which all the divisions of the 
Cretaceous traced out in the field by the writer and his assistants 
were mapped. 

Wherever the Trinity sands are exposed they rest unconformably 
upon Paleozoic rocks. Above they come in contact in complete con- 
formity with harder rocks. Where the superimposed strata are 
harder than the sands the contact of the sands and their overlying bed 
is clearly marked, and can be readily and accurately located. Such is 
not always the case at the base of the sands, however. In the valleys 
of the larger streams crossing the Trinity, and toward the southeast, 
and where erosion is very rapid, the contact of the sands with the 
Paleozoic rocks is easily discerned; but where these conditions are noi 
present the sands spread out over the edge of the irregular base-level 
in attenuated sheets and remnant areas, obscuring actual contacts. 

The lower contact of the Basement sands of the Trinity division 
begins at the Colorado River, where it crosses the Travis-Burnet county 
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line, 650 feet above the sea, and rests upon Carboniferous clays, shales, 
and flaggy sandstones of the Richland series of Tarr. The border 
follows the river, but gradually ascends from it nearly to the mouth of 
Sycamore Creek (altitude, 750 feet). At the last-mentioned point it 
deflects toward Burnet in a west-of-north direction. The Carbonif- 
erous rocks continue beneath the border nearly to the intersection 
of Hairston Creek and the Austin-Burnet road (altitude, 1,000 feet), 
where they give way to the pre-Carboniferous (Burnet) limestones. 
These limestones continue as the Paleozoic contact rock from Hairston 
Creek northeastward, by way of Burnet, to Spring Creek, about 4 
miles west-northwest of Burnet. Just west of Burnet there is an 
isolated outlier of Cretaceous rocks known-as Post Mountain. 

From a point 4 miles west-northwest of Burnet the base of the 
sands rests upon the Cambrian sandstones, and so continues west of 
north for about 5 miles to the crossing of Morgans Creek, near Doby- 
ville. North of Morgans Creek the Burnet limestone again makes 
the floor to a point nearly 4 miles south of Nix, where the Carbon- 
iferous sands and shales of the Richland series again form the basal 
rocks, extending northward for 200 miles to Chico, in Wise County, 
where the Permian rocks set in. 

The beds rest upon the Carboniferous along the base of the escarp- 
ment at Nix, and between Nix and the south line of the county; at the 
base of Twin Sisters Peak and Montvale, along the western base of the 
high plateau; on the branches of Salt Creek, near the Gulf, Colorado 
and Santa Fe Railway; and at the base of the escarpment southwest 
and northwest of Antelope Gap,on the head branches of Antelope 
Creek. 

From a point south of Nix, Carboniferous rocks persist beneath the 
Trinity sands across Lampasas County, a mile west of Nix, and thence 
the parting follows a line to the northward nearly parallel with the 
Gulf, Colorado and Santa Fe Railway, via Zephyr to very near Ricker, 
and thence nearly on a straight line to Clio, Brown County. Beyond 
Clio, through Brown County, where the Callahan Divide diverges 
westward from the main area of the Grand Prairie, in the southeastern 
portion of Callahan County and in northern Comanche County, are 
large undefined areas of Trinity sands. 

From Clio, Brown County, the basal contact deflects westward around 
the Callahan Divide. Crossing the divide north of Clio, the sands are 
again encountered in the vicinity of May, from which point they make 
a southeastern indentation down the Leon, crossing that stream very 
near the Fort Worth and Rio Grande Railway bridge, about 10 miles 
»ast of Comanche, and returning northwest upon its north side through 
northern Comanche and southern Eastland counties. In the neigh- 
borhood of Rising Star, Sipe Springs, Desdimonia, Ranger, and south- 
ern Eastland County there are many scattered areas of the sand and 
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fine conglomerate, whose exact parting with the Carboniferous has 
not been located. From the vicinity of Desdimonia the basal parting 
assumes a meandering northeasterly direction through northern Erath 
County, passing near Wylieville, 11 miles southeast of Gordon and 
north of Lipan,in the northeastern corner of Hood County, the area 
narrowing, and thence onward down the breaks of the Brazos, which 
it crosses at Powell’s ferry, near Hiner. From the latter point the 
basal contact of the still narrow belt passes ina northwesterly direction, 
crossing the Texas and Pacific Railway about + miles east of Millsap. 
The sands continue northwestward into southeastern Jack County, 
around the Trinity-Brazos divide, and then make another southeast- 
ward meander down the Trinity Valley to the neighborhood of Bridge- 
port, Wise County. From this point, near which the Paluxy sands join 
the Trinity, the area broadens again, the western border passing north- 
ward toward Bowie and thence northeast between Belcherville and 
Nocona to near Zim, on the border of the Red River Valley, and then 
down that stream, principally as a narrow ribbon, crossing the river 
near Jimtown,in the northwestern portion of Cooke County. The 
sands are bordered by the Red River alluvium between Spanish Fort 
and Red River station. 

In the area between Chico, Wise County, and Healdton, Indian Ter- 
ritory, much of the sands on the western border which have herein 
been classified with the Trinity may possibly belong to the upper beds 
of the underlying Paleozoic; they are much like those of the Trinity, 
and study of them has not been suflicient to justify their separation. 

The western border as far north as Healdton is against the Red Beds 
and Carboniferous formations of the denuded plains of the Central 
Province. Thence east the interior bordering region becomes moun- 
tainous. East of Healdton the interior border of the sands passes near 
Loneoak, Overbrook, Tishomingo, Boggy Depot, south of Ardmore, 
Antlers, and Ultima Thule. Immediately southwest of Ardmore there 
are several hills of pre-Silurian limestone, disconnected southern out- 

liers of the Arbuckle Range, which occur as islands in the Trinity 
sands. The sands rest upon Silurian, Carboniferous, and pre-Cam- 
brian granite as far east as Boggy Depot; thence east they again rest 
upon the Carboniferous. 

The Basement sands are bounded coastward by the various rock 
sheets comprising the western scarps of the Grand Prairie, consisting 
of the indurated clays and limestones of the Glen Rose beds south of 
Wise County and of the Fredericksburg division to the north. It 
should be borne in mind that the Basement sands along this border 
may be the attenuated western edges of any of the formations of the 
Comanche series below the Edwards limestone, all of which have their 
greatest known development coastward and which grade into the 
Basement sands along this border. 
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The upper limit or eastern border of the Basement sands, considered 
as a formation, runs nearly parallel with the basal or western line 
across Travis, Burnet, Lampasas, and Brown counties. From the 
northwest corner of Comanche County, which is also the northeast 
corner of Brown County, the eastern limit passes down the south side 
of the Leon River Valley, by Comanche, very nearly to the junction of 
the North and South forks of Leon River. It returns northwest along 
the northern side of the Leon, passes southwest of Desdimonia, 
Eastland County, west of Dublin, Erath County, and crosses the 
Houston and Texas Central Railway 4 miles west of De Leon. From 
Desdimonia this parting follows a northward course for 45 miles to 
the Brazos, near Powells crossing. Twin Mountain, in northeastern 
Erath County, and Lipan and Buckner, in Hood County, are near 
this line. North of the Brazos the line of the upper contact turns 
west of north, passing near Hiner post-office, Parker County, and 
crosses the Texas and Pacific Railway nearly 4 miles east of Millsap. 
It continues 14 miles west of Anthon, crossing the Whitt-Weatherford 
road 13 miles from Whitt, Parker County; passing near Gibbtown, 
Jack County; Willow Point, Wise County, and 2 miles south of 
Bridgeport; crossing Trinity River at the mouth of Sandy Creek; 
Sandy Creek due west of Decatur; and the Fort Worth and Denver 
Railway 1 mile west of Alvord, Wise County; passing very near Den- 
ver, Montague, and Bonita, Montague County, and reaching the Red 
River Valley north of Belcher post-office, Cooke County. 

This upper contact crosses the Fort Worth and Denver Railway 4 
miles northwest of Decatur. At this point the basal Trinity and the 
upper or Paluxy sands blend and the summit of the Basement sands 
represents a higher geologic horizon than to the south. Opposite 
Decatur the parting between the two beds of sand is nearly midway 
between the base of the Fredericksburg division and the Trinity Pale- 
ozoic contact; it is believed to hold this relative position through the 
northern portion of Wise and Montague counties. 

The eastern border of the sands forms a narrow belt down Red River 
from Belcher to the crossing of the river by the bridge of the Santa 
Fe Railway, and returns up the stream on the Territory side and thence 
north to a point northwest of Marietta 10 or 15 miles. From here 
their coastward border turns east, following the interior border of the 
Goodland limestone scarp, 6 miles northwest of Marietta, 2 miles north 
of Goodland, and crosses into Arkansas north of Cerro Gordo. The 
lower portion of Marshalls Bluff, Grayson County, is composed of the 
Basement sands surmounted at the top by the Goodland limestones. 


VARIATIONS AND DETAILS OF COMPOSITION, 


When their vast extent is considered, the composition of the Base- 
ment beds is remarkably uniform, although there are a few exceptional 
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variations to be noted. Their general type consists of beds of con- 
glomerate at the base, which grade up into packsands that become 
finer and more calcareous toward their summit, until they pass upward 
into arenaceous clays and limestones. 

The character of the Basement conglomerate varies locally with the 
composition of the underlying beds, but the sands are remarkably 
similar and uniform in lithologic nature throughout their extent, and 
are mostly derived from the preexisting Carboniferous -rocks, which 
make by far the greater portion of the underlying floor. It will be 
necessary at times to describe the occurrence of the conglomerate and 
sand separately. ; 

Between the Burnet-Travis county line and Cypress Creek, Travis 
County, Colorado River cuts through the outcrop of the Basement 
beds of the Trinity division (previously described under the head of 
the Travis Peak beds) from their contact with the Carboniferous 
below to the bed of Monopleura limestone which marks the base of 
the Glen Rose division above. 

The writer has shown that these beds in the basin of the Colorado, 
where it flows eastward across the Cretaceous formations, are deposited 
in a pre-Cretaceous trough in the Paleozoic rocks on the south side of 
a pre-Cretaceous uplift which has its summit in northern Lampasas 
and Burnet counties. The Basement Cretaceous beds are thinnest on 
the summit of this old land, and thicken as they descend its slopes to 
the south and the north. The Travis Peak formation represents the 
oldest and thickest formation upon the southern side of the old Paleo- 
zoic highland. The paragraphs on the diagonal transgression of the 
Basement beds (p. 137) showed how they ascend this divide from the 
river northward toward Burnet. Near the river the Basement beds 
consist of two thick beds, the Sycamore conglomerate and the Hen- 
sell sands, separated by a thin bed of argillaceous and brecciated 
material (the Cow Creek beds), representing the most western attenu- 
ation of thick limestones which are embedded to the east. The con- 

_glomerates are coarse pebbles of Paleozoic limestone, with a little 
granitic débris. Immediately upon turning north from the Colorado 
Valley the Hensell sands overlap the Cow Creek beds and coalesce 
with the Sycamore conglomerate, and this united Basement bed 
ascends the sloping Paleozoic floor as a deposit synchronous with 
the lower part of the Glen Rose beds and continues to represent 
the attenuated littoral of the latter to north of Nix. . At Burnet the 
material consists of coarse conglomerate and grit embedded in a 
reddish clay matrix, as seen in Hamilton Creek and Post Mountain, 
south, west, and north of the town. In this area the Basement beds 
contain the débris of the granite, Algonkian, Cambrian, and Silu- 
rian rocks. 
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From Burnet northward to Nix the Basement sands are thin and 
represent the interior margin of the upper Glen Rose formation as far 
as the center of western Lampasas County, when they begin to 
descend and thicken at the northward slope of the Burnet highland of 
the Paleozoic floor. The following section at Twin Sisters Peak, Lam- 
pasas County, shows the nature of the Basement sands in this general 
locality. (See fig. 16.) The section includes Cretaceous rocks from 
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FIG. 16.—Section of Twin Sisters Peaks, Lampasas County, Texas. (For explanation of lettering see 
Pl. XVI, p. 110.) 


the Carboniferous to the base of the Caprina limestone in Twin Sis- 
ters Peaks, and is given in descending order. The base of the Cre- 
taceous is 160 feet below the Fredericksburg division. 


Secrion No, 11.—Twiy Sisters Peaks, Lampasas Country (TAFr). 


Feet. © 


5. Caprina limestone; indurated chalky limestone forming cap rock of the butte. 8 

4. Comanche Peak limestone from below the cap of the peak to top of the 
Walnut bed. The rock is soft, white, heavily bedded, almost pure lime- 
stone. Numerous fossils of Lnallaster teranus, Diplopodia, and gasteropods 
occur at base of bed. The lower 25 to 30 feet is a chalky limestone very 
like the above. Schloenbachia acutocarinata, Cyprimeria tevrana, Arca, Enal- 
laster texanus, Diplopodia teranum, and gasteropods oceur in the lower 
chalky wdlimestone)cses2-2 bee Sspoe Sore eee ie ee oes cote cecee ces ae oes 67 

3. Walnut formation, upper to lower limits of the occurrence of the fossil Evo- 
gyra texana. Below the Comanche Peak chalky white to yellow limestone 
alternates with a marly lime. Fvogyra texana and Gryphxa pitcheri shells 
are very numerous and well preserved near the middle of the beds, but 
become smaller and less numerous below and above ...-.-------.---- Seer OD 
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Feet. 
2. Glen Rose formation: Limestone, lirne marl, and calcareous sand alternating 
in layers from 2 to 3 feet to as many inches. Toward the base the rocks 
become more arenaceous until the sandy marl blends with the sand. 
Twenty feet above the base there are many large inclusions of calcite crys- 
tals in the marly lime. Fossils of a small variety of Hxogyra texana occur 
about 15 feet above the base of the ked. Cardiwm mediale, many other 
bivalves, and gasteropods occur in the lower portion .....---------------- 90 
1. Basement sands, resting upon Carboniferous sandstone. The bed forming the 
upper 20 feet is a stratified caicareous sandstone. Below this there are about 
30 feet of loosely packed materials composed of typical “‘ packsand”’ grit and 
calcareous sand, stratified and in part false bedded. The basal bed, 20 feet 
thick, isa conglomerate of limestone, quartz, and flint, cemented in an argilla- 
ceous calcareous sandy matrix, purple, yellow, brown, and red in color. * 
Many of the cobblestones composing the conglomerates are but slightly worn. 70 
0. Carboniferous sandstone in thin beds. This sandstone is brown and false 
stratified, dippmeg 2 to 3 degrees northwest .........------------+---5---- 


In the vicinity of Nix, Lampasas County, the basal beds are a con- 
glomerate of Carboniferous and Silurian limestone, quartz, flint, and 
other Paleozoic material, cemented in a matrix of arenaceous and argil- 
laceous lime. Small fragments of sand and gravel compose much of 
the matrix, which in some cases is iron stained and very hard. The 
whole mass has a mottled appearance from the variously colored 
materials composing it. The colors are pink, red, yellow, purple, 
brown, and several shades of blue. The materials of the conglomerate 
vary in size from fine pebbles to bowlders 8 inches in diameter. Their 
form indicates subjection to different degrees of abrasion. Some are 
subangular fragments, while others are smooth and well rounded. 
Between these varieties are fragments of rocks showing all kinds of 
form and smoothness of surface. 

The packsand varies in texture from a compact, nonindurated, 
yellowish mass of coarse sand, quartz, and chert pebbles to a close- 
grained, stratified, calcareous sandstone, brown to whitish in color. 
Strata of limy sand occur in thin variable beds. There is a general 
stratification in these basal beds, but the materials composing them 
are not well sorted as to size. An examination of this heterogenous 
conglomerate creates immediately the impression that there was a 
commingling on the seashore of materials brought from a distance 
and local débris. This coarse material gradua!ly becomes less conglom- 
eratic higher in the beds, giving place to a mass of loosely bedded 
grits, packsands, lime marl, and caleareous sandstone. The whole 
grades imperceptibly into the more calcareous and marly strata of the 
upper beds of the Glen Rose formation, which persist to the western 
scarp in this vicinity. 

From a stratigraphic point of view the parting line between the 
Basement sands and the Glen Rose beds is necessarily an arbitrary one 
here, and there is no other means of distinction. Yet in the more 
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limy thin bands within the sands, near their upper limit, are casts of 
gasteropods and small bivalves not distinguishable from casts of like 
forms in the Glen Rose formation, facts which substantiate the con- 
clusion that the sands at this locality are the attenuated edge of the 
lower part of the Glen Rose formation. 

The whole of the Basement bed at Nix does not exceed 50 feet. 
From 20 to 25 feet of the basal portion includes the conglomerate. 
The pack sand, with associated material, is 30 feet thick. The upper 
half contains the more calcareous sandstone, lime, and marly material. 

From Nix northward the conglomerate in the lower part of the 
Basement sands is conspicuous, and so distinct from the overlying 
pack sand that the two materials may be separately described. The 
basal conglomerate is extensively developed from just west of Nix 
northward to Clio, Brown County, on the east side of Colorado River 
and Pecan Bayou; also between the bayou and Colorado River south 
of Brownwood, at and around Bangs, east of San Saba, and between 
Colorado and San Saba rivers on some outliers of higher elevation 
within the Central Province. The details of these localities have been 
minutely described by Drake,’ and the writer has drawn freely upon 
these data in the following account of the Basement sands between 
Nix and the Leon. 

The basal conglomerate is composed principally of crystalline lime- 
stone pebbles 1 to 5 inches in diameter, with some chert, sandstone, 
ana quartz pebbles. The matrix is sand or grit of quartz grains with 
a lime cement. The bedding is massive, and the change of material 
from one horizon to another is gradual and not marked by bedding 
planes. The limestone, chert, and sandstone pebbles are large and 
usually not well rounded, showing that they were derived from older 
beds near the place of deposition. The quartz pebbles are small and 
well rounded, showing a more distant origin. The prevailing color of 
the beds is pink, with patches of lighter or deeper red scattered 
through it. At places the lower beds lose their conglomeratic nature 
more or less and pass into a hard sandstone, compact sand, grit, clay, 
sandy clay, or more rarely into limestone. The above conditions 
are approximately true of the conglomerate bed wherever it is found 
in the Lampasas-Brownwood field. At San Saba Peak it is 175 feet 
or more thick, and the upper part grades through a decidedly hard, 
calcareous, crystalline, only slightly conglomeratic rock mass into the 
overlying Glen Rose formation. 

From 5 to 6 miles east of San Saba, between Horse and Camp 
creeks, and at the head of China Creek, are small remnants of the 
conglomerate. At many other places the conglomerate has so lately 
been eroded that its most enduring pebbles remain scattered over the 


1Report on the Colorado coal field of Texas, by N. F. Drake and R. A. Thompson: Fourth Ann. 
Rept. Geol. Survey of Texas. Austin, Sept., 1893. 
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surface, reminding one of the drift of the later geologic epochs. The 
conglomerate is thickest in the western part of Lampasas and Mills 
counties and thins out to the northwest, while the pack sand, almost 
lacking in the northwestern part of Lampasas and Mills counties, 
thickens rapidly to the north from about the locality of Brownwood. 

Just west of Nix, at the head of Lynch Creek, the conglomerate is 
very thin, but thickens rapidly northward. West of Twin Sisters 
Peaks it is fully 50 feet thick. A considerable part of the bed from 
Nix to Senterfit consists of massive-bedded pink sands, usually cal- 
careous and forming rather firm rock masses. In the bed of Salt 
Creek at Senterfit the conglomerate is well exposed and is composed 
of subangular pebbles of hard crystalline limestone embedded in a 
hard calcareous matrix; east and west of this point pink calcareous 
sands and clays are interstratified with the conglomerate. The strati- 
fication is local, however, and generally not well marked. At the head 
of Antelope Creek the conglomerate bed is more than 100 feet thick, 
and is mostly a hard mass with no bedding planes, though local and 
irregularly-marked horizons have different degrees of hardness, caus- 
ing it to weather with a wavy or rough rounded surface. Most of the 
matrix is sand, but calcareous matter is present to a greater or less 
extent. At places the bed becomes almost or entirely pure sandstone 
and more rarely clay. The pebbles of the mass are usually from 1 to 
5 inches in diameter, and some are even larger, though at places where 
the conglomerate grades into a sandstone they become very small and 
rare. Most of the pebbles are hard limestone, but many flint, chert, 
sandstone, and some quartz pebbles are present. The mass of the rock 
is usually pink, with small parts of lighter or deeper red scattered 
through it; other parts are almost white. 

Between Zephyr and Goldthwaite much lime appears in the Base- 
ment beds, marked by open-timber prairie. The beds between 
Mullen and Ricker, and thence on to Clio, about 5 miles east of 
Brownwood, spread over a considerable area and consist of sands and 
conglomerates. 

The Basement beds near Pecan Bayou west of Mullen are strongly 
conglomeratic. The pebbles are usually from 2 to 4 inches in diame- 
ter, with some angular hard sandstone bowlders 2 to 3 feet in diameter. 
This highly conglomeratic mass is 15 feet thick, and is overlain by 
friable sandstone, which shows some bedding planes; this sandstone is 
in turn overlain by calcareous, hard, light-pink, slightly conglomeratic 
rock. Bedding planes, which are ordinarily rare, and usually false, 
become more common. Most of the conglomerate bed up Pompey 
and Blanket creeks, Brown County, shows fine illustrations of false 
bedding, but it is generally a red and rather friable sandstone, instead 
of a regular conglomerate. Along Stepp Creek, in the vicinity of 
Ricker, the base of the conglomerate bed is red clay, varying in thick- 
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ness in closely connected localities; along the branches of Delaware 
Creek it is missing, but on most of the eastern branches of Stepp 
Creek it is nearly 100 feet thick. Above the formation is a coarse grit 
or conglomerate, composed of white sand and rounded limestone and 
sandstone pebbles. The mass is slightly calcareous. 

About 7 miles southeast of Brownwood, along Devils Branch, the 
Basement beds consist of 20 to 30 feet of characteristic congiomerate, 
overlain by 8 to 10 feet of red, tough, slightly calcareous sandstone, 
which contains only a few pebbles. South of Brownwood a rather 
friable arenaceous limestone overlies this sandstone and forms much of 
the present Cretaceous cap rock. Due south of Brownwood there is 
not much of the typical conglomerate, but, instead, pink or yellowish 
friable sandstone or grit, a compact yellowish sand, arenaceous lime- 
stone, and some white sandstone containing but little grit; and some 
outcrops show a number of variations in the material along the same 
stratum in closely contiguous places. 

The conglomerate bed changes rapidly toward the north in Brown 
County. At the head of Stepp Creek it is about 125 feet thick, and is 
composed of white grit, conglomerate, and red clay. The clay usually 
lies at the base, makes the greater part of the bed, and is overlain by 
the sands. At Salt Creek the conglomerate is represented by a thick- 
ness of only 4 to 5 feet on either side of the creek; the sands have 
rapidly increased in thickness and replaced it. 

In that portion of the western border region adjacent to Clio the 
area of outcrop broadens extensively and the red colors are much more 
prevalent. The materials throughout this region are red sandy clays 
with impure lumps of white material. 

The basal Cretaceous as it extends down the Leon drainage north 
of Sidney and Comanche contains some conglomerate, but it is of a char- 
acter slightly different from that along Colorado Riverand Pecan Bayou. 
About 1 mile below Sidney, in the banks of both Sweetwater and 
Jimmys creeks, is a bed of deep-red, slightly sandy clay, 30 to 40 feet 
thick, which is underlain by a hard conglomerate of small limestone, 
sandstone, and siliceous pebbles in a matrix of white sand, and under 
this is another bed of red clay. The stratification of these beds con- 
tinues only a short distance northeast of Sidney; farther down the 
creek ina number of places the beds show a section of from 20 to 50 feet, 
and at nearly every place they vary in the proportion and relative 
position of their conglomerate and clay strata. Sometimes nearly pure 
sandstones appear, as at the top of the section at Cottonwood Springs 
on Sweetwater Creek. The beds also at places contain material very 
similar to the overlying pack sands, showing their close relation, or 
even the transition of one into the other. This relation may be seen 
about one-half mile down the creek from Cottonwood Springs, where 
. the beds, composed principally of ferruginous, compact sand, contain 
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also a great many red, pink, brown, or nearly black 
siliceous pebbles, and some hard sandstone pebbles, 


hard conglomerate layers, and 
a little blue or reddish clay. 
The basal Cretaceous strata 
farther down, on the southeast 
side of Sweetwater Creek, 
were found to have no con- 
tinuity, and to change almost 
entirely into sandy material 
northwest of Comanche. 

The 50 to 75 feet of basal 
Cretaceous along Rush Creek, 
north of Comanche, is com- 
posed largely of a conglome- 
rate of siliceous pebbles and 
grit of white quartz grains, 
with occasional red ones. In 
places, as along Pettit Branch, 
this conglomerate is almost a 
mass of white and occasional 
pink pebbles, and it is all false 
bedded. The conglomerate is 
usually friable, though some- 
times hard, as in Jimmys 
Creek. Northof RushCreek, 
on the divide between it and 
Leon River, are some rem- 
nants of a conglomerate which 
has more the appearance of 
that east of Pecan Bayou. 

A peculiar conglomerate 
of small, waterworn siliceous 
pebbles, often occurring ina 
disintegrated and fragmen- 
tary condition,. characterizes 
the bottom of the Basement 
sands in many places. This 
is especially characteristic of 
the western parting from 
Goldthwaite north to Red 
River, and as far west as 
Sweetwater, Nolan County. 
This pebble also has wide 
occurrence along the western 
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Fie. 17.—Section of Twin 
Mountain, Erath County, 
Texas. (For explanation 
of lettering, see Pl. XVI, 
p. 110.) 
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Fie. 18.—Section at Hi- 
ner, Texas. (Forex- 
planation of letter- 
ing, see Bl SVviy 
p. 110.) 
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border of the Cretaceous in Eastland, Palo Pinto, Parker, Jack, and 
Montague counties, and while ultimate research may 
3 28 prove it to be of pre-Cretaceous age, investigation has 
i not sufficiently progressed to differentiate it. The 
} evidence that this conglomerate belongs with the sands 
' is shown by the fact that, as in northern Montague 
County, it grades upward and downward into typical 
pack sand. In Eastland and Wise counties it rests on 
Carboniferous limestone. Its remnants occur in places 
within the Central Province far west of the line indi- 
cated on the map, and attest the vast denudation the 
Cretaceous has undergone. 

A few additional notes on the pack sands which over- 
lie the conglomerates in the area just described from 
Nix to Clio will now be given. On the east side of 
the Colorado River, from Nix northward to opposite 
Brownwood, the beds of pack sand succeeding the con- 
glomerates are thin, irregular, and somewhat different 
from the normal pack sands in that they have more or 
less clay and lime. There are usually 20 to 30 feet of 
red sand and clay present. Northeast of Brownwood, 
at the head of Stepp Creek, there are 15 to 25 feet of 
the typical sands overlying the conglomerate, but these 
sands at places shows stratification beds of white com- 
pact sands, bluish clay, and, more rarely, red clay. At 
the head of Salt Creek, east of Salt Mountain, nearly 
the whole of the conglomerate bed has been replaced 
by sands 80 to 90 feet thick. The sand is compact and 
is composed principally of white grains, with some red 
grains scattered through it. There are layers of fer- 
ruginous sand which are a little firmer, and there isa 
very little bluish and red clay in the bed, especially 
toward the top. 

West of Clioand May, along the headwaters of Salt, 
Elm, and Hog creeks, the pack sands have greater 
thickness and an outcrop from 1 to 3 miles wide, which 
supports a thick growth of small oaks. These sands 
are especially well shown around Sidney and Comanche, 
along Sweetwater, Little Jimmys, Duncan, and Indian 
creeks. 

In Jimmys Creek at Sidney there is a rather firm, 
slightly ferruginous sandstone, bedded in layers from 
1 to 18 inches thick, above which is a white compact 
sand containing some small, well-rounded siliceous 
pebbles partly interstratified with bluish sandy clay. 


€@ WEATHERFORD 


(For explanation of lettering, see Pl. XVI, p. 110.) 


ONE MILE 


Fic. 19.—Profile and section, Weatherford, Texas. 
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At the base of these beds, in the vicinity of Sidney, a deep-red, slightly 
sandy clay is common. Along Pettit Branch north of Comanche is 
a series of alternating bluish sandy clay beds and compact white sand, 
which at places shows a reddish cast on the weathered surface. Fossil 
wood is very common at the base of these sands. In the case of a large 
tree, the central portion was silicified to within a few inches of the cir- 
cumference, where silicified wood gave place to silicitied lignite, which 
continued to a narrow outside rim of lignite. Similar conditions of 
petrifaction have been observed in Hamilton County. 

From Desdimonia eastward to the margin of the breaks of the Brazos 
Valley the Trinity Basement sands spread out as a thin mantle over 
the Carboniferous rocks at the foot of a low but well-marked escarp- 
ment of the Grand Prairie. The following is a typical section of this 
portion of the escarpment (see fig. 17, p. 185): 


Section No. 12.—Twin Mountain,’ Erara Country, Texas (Tarr). 


: 
Total depth 
Thickness. | to bottom of 
| stratum, 
Walnut formation: Feet. Feet. 
6. Sandy limestone, which contains Mvogyra texana, Gry- 
phea pitcheri, and Cardium hillanum. This limestone, 
the base of the Walnut bed, forms the summit of 
(aS Won Pvin A> Acer hose Gade aon eee S Sees es aes 10 10 
Paluxy formation: 
5. Paluxy sand. This sand is fine grained, yellow, and 
generally friable. It readily disintegrates. Occa- 
sional partially indurated ledges are seen, but they 
are not of sufficient firmness to form benches on the 
TANG WUUMA OL CES Gn SAUER eco SEE Bas ORM SEAS ae eee 190 200 
Glen Rose formation: 
4. Limestone, slightly arenaceous, in thin ledges ...--.--- 5 205 
Basement sands: 
3. “‘Pack sand,’ exactly similar to upper portion of No. 2. 22 227 
PRA CNACCOUSH OU CICA eee ae eee ees cece tee ce 3 230 
1. Conglomerate, 20 feet; pack sand, 70 feet -...._.------ 90 320 
Carboniferous sandstone resting uncomformably beneath the 
above. 


The following sections near Hiner and Weatherford give the nature 
of the sands in this vicinity (see figs. 18 and 19). Throughout this 
region the Basement sands are overlain by thin, indurated layers 
representing the western attenuation of the Glen Rose beds. 


1The most eastern of the buttes of this name shown on the Stephenville atlas sheet of the United 
States Geological Survey. 


188 BLACK AND GRAND PRAIRIES, TEXAS. 


Section No. 13.—Hrner, Parker County, Texas (Tarr). 


FREDERICKSBURG DIVISION. 


Comanche Peak formation: Feet. 
165 Comanche Reakschalkayalimestones= === ==e sees eee 40 
15. Chalky limestone with large Exrogyra terana, Enallaster texanus, 
IU ey CHING COPD FONE UPRUN a2 coeoe ookoSoansdedasonec eee ss5e 30 
14.) Hardlchalky limestone: 5-s2 ce. so te pee eee ee 40 
Walnut formation: 
T3271 Grypheea shell iimeston css eer ase ee 10 
12°. Chalky limestones. saee essen sec cease a ae ane See ees 1. 66 
11. Hard limestone, with many small Gryphxa............---------- a) 
10 Chalks, limestones withelewaGrypicea meee eee eee 15 
9. Marly limestone, containing Hxogyra texana, Gryphexa pitcheri, and 
Ammonites malliini creat a bundan COsseeere ee eee eee e eee eee 30 


TRINITY DIVISION. 
Paluxy formation: 


8. “Paluxy sand bed: 5 basteake qeces saeco oe oe eee ee eee 110 
7. Yellow crystalline limestone made up of shell fragments. ---.---- 5 
6: (Calcareoustyellow/sand), stratitied a= == seee = 2 = aeaeee eee eeeee — 289 


Glen Rose formation: 
5. Marly and shaly limestone capped by a ledge of hard crystalline 


lamestOne, . 222/24 ssn s Bae ee tee ee ee ee Bee Eee eee 20 
4. Marly and shaly lime, containing Cardiwm, Arca, Cyrena, Trigonia, 
Amomig. andeAmmonitcs == seen eee eaaee ace one nee eee 10-15 
3. Alternating hard and crumbling limestone -.-...-...-.---------- 50 
2: Cardiumy- bed. - =a sees PR Saat a eats oe ee ee 30 
Basement sands: 
1. Drinity sand ..2.:2<)4 cece eeencosdiseeecet ence Gee eee eee eee 100 


Outcrops of the Trinity and Fredericksburg divisions are beautifully 
shown in the wide slopes of the Brazos Valley from the eastern edge 
of the Grand Prairie at Weatherford westward to Millsap. It is diffi- 
cult to obtain the exact thickness of the formation in vertical series, 
owing to the fact that within this short distance along a profile of 14 
miles the increment of the Glen Rose beds is very great. The following 
section, made by the writer in 1890, gives an idea of the sequence and 
thickness of the formations at their outcrop. This will be followed 
by a vertical section at Weatherford from an artesian well which pene- 
trated the entire series here described and which gives a check on their 
thickness at that locality. The section extends from Millsap eastward 


to Weatherford along the lower Millsap road. 
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‘Section No. 14.—Prorrie section, Minisap TO WEATHERFORD, TEXAs. 


(See Pl. XIX, A; also fig. 19.) 


Distance in 
miles from 
Millsap. 


Character of rocks. 


Thick- 
ness 
in feet. 


13 


bo 


CARBONIFEROUS. 


From Millsap east to Grindstone Creek the country consists of 
the sterile clay soils of the Carboniferous with outcrops of the 
harder rock layers. The surface is an arid flat covered with a 
growth of mesquite. 


sandstone; clays contain Carboniferous fossils: dip, 2° W ----- 
TRINITY DIVISION. 


I. Basement sands: Conglomerate, typical, very minute quartz 
and jasper pebbles with sandy matrix. Low eastward 
dips. 


East prong of Grindstone Creek. Purple red colors, so 
characteristic of the Trinity formation, appear in the 
creek bank, with (Ia) damp pack sands surmounted by 
conelomenate: (ic) Fithnickniesstaeseseeeseeee eee BA pas 


Presuming that the normal dip prevails from Grindstone 
Creek to the east fork, it is highly probable that the 
5-foot bed of conglomerate above mentioned is not the 
lower basal one (Ia). 


A minute section was made up the east bank of this creek 
to the searp plain, 100 feetabove it. This section shows 
conglomerate (Ic) at the base, coarser sands (Id) in the 
middle, and fine pack sand (Ie) at the summit. The 
pack sand is fine, pulverulent, faintly oxidizing to yel- 
lowish tints, cross bedded, and succeeded below by 
coarse-bedded layers. A few egg-shaped calcareous 
nodules, at first glance resembling remnants of decom- 
posing bones, appear in upper part of these sands. 
Silicified fossil wood in large chunks occur near the base. 
The cross bedding is on a grand scale, resembling strati- 
fication. This steep sandy slope is surmounted by a 
bench consisting of a thin stratum of yellow arenaceous 
magnesian lime material accompanied by impure nod- 
Wes eee ecacieina se eee ces Seca de eee easeees > 


Total Basement sands 


Glen Rose formation: This subdivision begins at the scarp 
line above mentioned, including the thin bench rocks. 
These beds constitute the little buttes so frequently 
shown on the topographic sheets by a single small cir- 
cular contour. 


II 


Impure clay, pack sand with purple and green colors, yel- 
low magnesian concretions, calciferous and gypsiferous 


III. Slope of alternations of buff-colored sandy ‘‘magnesian”’ 
arenaceous-calecareous layers, alternately consolidated 
and unconsolidated, giving serrated profile to the bench, 
containing Anomia and fragments of an undetermined 
OME 085 Saas ah or BAe dene SHOE GER ae ee eee eens 

IV. Searp bench of hardened layers of sandy material 


VY. Slope like IT, composed of fine arenaceous, pseudo-oolitic, 
buff-colored marl with imperfect shell fragments 
(Anomia?), and light buff yellow colored indurated 
layers 


VI. Slope with thick, firmer layers containing Glauconia and 
oyster, surmounted by bench and dip plain...-.....-.- 


Grindstone Creek, laminated purple clays with a 6-inch band of | 


20 


100 


105 


20 


20 
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Section No. 14.—ProriLe section, Mitusap to WEATHERFORD, Texas—Continued. 


A wide escarpment appears to left of road, which rises 
upon the bluish Walnut clays at base of Fredericksburg 
division. 


Distance in Thick- 
miles from Character of rocks. ness 
Millsap. | in feet. 
TRINITY DrIvistoN—continued. 
VII. Slope consisting of strata 1 te 2 feet thick, alternating with 
sandstone, limy marls, and magnesian stuff, capped with 
an arenaceous shell breccia containing Nerinea and Pro- 
tocardia. One massive stratum (1-2 feet) in this group 
of beds is made up of an angular crystalline breccia with 
Glauconia beautifully preserved; it contains also a 
Lucina and O. franklini var. ragsdalei. Thickness of 
| this divisionimotiobtained essa sem == ase eee 20 
VIII. Stratum capping a butte and constituting a dip plain for 
+ miles, where it abuts against the foot of a scarp (AB) 
Of. X33 25 See eee eee ae ce eee 5 
6 | VIII. ‘Alternating magnesian buff-colored unconsolidated mate- 
rial, constituting slope, thickness not obtained .-------- +5 
Sa a : P : ae | 
6 IX. Scarp of hard, white crystalline limestone bands dipping | 
east. Numerous fossils: Cyprina medialis, Cerithium, 
Glauconid-Cteyee nae ee hee ee eee 25 
i | 
X. Impure firm marly shale with Arca, Venus, and Glauconia. 5 
Paluxy formation: | 
X.Packe sand... .2in<ese os 5 ae Se series See a ee +50 
7 | XII. White limestone flags composed entirely of cemented shell 
| of ‘littoral species#.-- 20k. 3. eee see eee eee 4 
8 | XIII. Millsap 8, Weatherford 7. Pack sand sets in, with forest 
erowth:soilreddish= = s358-- sees eee Oe eee eee eeeee 20 
8$-6} | Descent into Patrick Creek (W. 6 m.), giving a check section on 
the preceding 75 feet. 
9-6 SOLE. Pack sand)<.. 22 0255, hee eee 20 
XG. Brecciateslab) beds 228-5 cesta eee eee eee 4 
SUL, Pack sandslopes..s.< a 6c see seen ee 15 
X. Impure limestone shale, marly with Area, Venus, Glau- 
CONTIN, ‘CLC <2 :4cnc Glines bene See Ee ee eee ee 5 
IX. Massive limestone with Cerithium, making scarp rock- - 25 
VAIL, Pack sand at basei. coo eae ee ae eee eee eee 5 
. * . . . | 
9-6 | Divide of Patrick Creek and next drainage, one-quarter mile | 
east, consists of pack sand with hard sandstone layers. The 
slopes of Patrick Creek Valley form a typical example of the 
alternating terrace slope of the Glen Rose. 
i 
113-43 XI. About 10 feet of hard shell breccia, containing Glauconia, 
4 Protocardia, etc. Quarried for use in city.............- 10 
XII. Paluxy sands; at summit pack sand. The Walnut (2. tex- 
ana) scarp at Weatherford is fimely visible from this 
. | 
SUOMI 2s eas See ea Sam ee etoteoe  inyoe ciccincice 40 
12 The foregoing pack sand continues and contains fossil 
wood. 
12} | XIII. Down grade through limestone stratum with Glauconia 
and ascent again into sand (XV). 
>» 
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Section No. 14.—Prorr_E section, Mriusap To WEATHERFORD, TExas—Continued. 


Distance in | Thick- 
miles from Character of rocks. ness 
Millsap. in feet. 


= 
| 
| 
| 


| FREDERICKSBURG DIVISION. 


143 | XIV. Walnut formation. Yellowish limestone, with F. texana, 
15-0 Toxaster, Ammonites peruvianus, Gryphea pitcheri, and 
Othe riiGssilsy see aoe eee Ree eee eee eee lee eee | + 100 
} Descend into the Paluxy sands (XVI). Weatherford, top 
of Paluxy sands (XV) at contact with Walnut clays | 


(XVI). 
Section No. 15.—WeraTHERFORD, TEXAS. 
Two wells, one 420 feet deep and one 440 feet deep. (See Pl. XTX, A.) 
Walnut beds, constituting surface, 25 feet. : . 
= Depth in drill 
Paluxy sands: hole in feet. 
icine Orug am Clie, saya ane mye tee Re Shes Maas Se ey ae a 10 
ILiGinti- alloy Galea BG Rees aoe aes Fee Ou ee ae eaeeaae ae oees aeeeee 20 
ILRelni- ello ySeiaGl sg eae oe pees eteeee nec a ese Saeed ane eae se ate meEoSeSe 30 
INTERONRO Ot GHllCanRaO IS Genera feeNoKel eB oooeeens Soseasnosbeseooneen sede 40 
Misxtunmerorcalcaneousiclay, cray-blackispeckse se. -e- sees esas = sea 50 
ILjaN® WHA WHS AINE Boo oo See ee Oe OE ee aaean SEES eeece ne eee eee re se 60 
White arenaceous rock alternating with drab, yellow, and some sand- - - 70 
White arenaceous rock alternating with drab, yellow, and some sand. - - 75 
Greeuni SMe apliygs UUM ee vn nee se espe eae pes Leen fete We UN ays 80 
Wrabrand white badly broken limestone .-.------=..-2-2..--.-....--- 85 
NVihiikersam disvilthmyeitesi:. =e ee ses eee se cele nena ae eeeees 90 
Asonitersam davai ycites. finer eae. eens see oacinee ieee ones os oe 100 
INESsiyennuiercalcareous|shalemrrr sme se eerie sae ese cena earner 105 
evinGl Fawley EVENS Sy olerel gS Seis ee eh ae etn ee ee 110 
SanGavitheplackispeckstimen texture see ses. sss e ones see sae ene nee 120 
Senosl Walid lollevol Shows, savas Wed abhNes a 6 cease ee cneseebooSssa sees eS 125 
IMAG ANG Shs cooGae eG Soeide Sones aE Bead Oe ONE e En Se ee ees eee = 140 
TEHN® GOINGLs Sees Seo wo Sea eRe eee Ge toes ae eI eae eee cee ee 145 
IPTIN® SINGS Sg CEB Sree eee eee SE IOS oo HT re eg 150 
TRV SONG ee ee Ret s oP err er el Tn ren 155 
INTaWASy Siniavel 2 3 Sek os SESE bee SOBRE oe es oe er eee eee ae a peer 160 
Giry saaysl: 6. Lobce oe ce omee sens casa a TOS eS aE a cae CeCe ee = ee 165 
Glen Rose formation: 
wimmestonevand manl wath some sand 2-2. 5-+-2-4--.-+2------<+5-----5- 170 
MACE Gem Ott COLOR Cum pee yee ene ee ne eee ace ca st eee eae 180 
ine SANG. CENA Colonel saa ae eke AE eS en See ne ee Lee ears 185 
Comes gmincle-sstgue beet eapacuiee Seas ob a Ee ne Sener ae eer eee 195 
SMMC 2 oe obese eaetasedonese See Ne Toe al abe BESS ee ae eee eer 200 
Forty feet of limestone with marly alternations. Some of the limestone 
TSE COALSE hyvgCIsy SUalli7 eden ser Sette Wee a eke ese Siac sic 200-240 
Basement beds: 
Wier lyacall caneouspayers strom 2000) esate see aaa eeee ye aeie sees el ae 403 
Spiagl waldo weirs, 408 word = coseceeisesoeaesas 4s eesneee ooo eeenesese 403 
Danas Malenr4 0 (etorli@tee yee eee oe otta= ene ele Sein se ate a cleles ste 407 
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In the other wells sandy shale was struck at 398 feet. 
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The Basement sands are well exposed south of the railroad just east 
of Grindstone Creek and north near Lambert. Near the latter place 
bones of a dinosaur (as determined by Professor Cope) were found 
by the writer in 1886. It was on this account that the writer then 
temporarily designated the formation the *t Dinosaur sands.” + 

The Basement sands have not been traced in detail across or around 
the divide between the Brazos and the Trinity in northwestern Parker, 
southeastern Jack, and southwestern Wise County. There are reasons 
for believing that they extend a considerable distance northwestward 
into Jack County, along the region between the drainage of the Trinity 
and the Brazos. 

In the vicinity of Springtown, Parker County, only thin bands of 
clay and impure limestone, representing the Glen Rose formation, 
separate the Basement sands from the Paluxy sands. Crossing this 
divide from Whitt into Wise County, the Basement sands appear upon 
its northern side beneath less than 20 feet of thin indurated impure 
arenaceous limestone and clays containing the Glen Rose fauna, which 
are surmounted by another bed of thick sands of the supposed Paluxy 
formation. 

Three miles southwest of Bridgeport, on the Willow Point and 
Bridgeport road, the Basement sands are well shown. At this place, 
at Willow Point, 1 mile west, at Holey, and at a point 7 miles north of 
Whitt are buttes capped by thin Glen Rose limestones. These buttes, 
locally known as East and West mounds, 3 miles south of Bridgeport, 
are very characteristic and marked. Beneath this cap rock are varie- 
gated clays from 40 to 50 feet thick. They are blue at the base and 
red, white, and other tints at the top. They have many calcareous 
concretions from the size of a walnut to that of a man’s head. Below 
these clays is pack sand to the base of the Cretaceous, attaining a 
depth of over 60 feet. 


ANTLERS SANDS. 


RELATION TO PALUXY AND UNDERLYING SANDS, 


In the cross timbers west of Decatur and thence north and east to 
the Arkansas line the Basement and Paluxy sands become a single 
undifferentiable formation, owing to a change in the lithologic char- 
acter of the Glen Rose beds, which separate them southward. Near 
Decatur this thin parting of Glen Rose between the Basement and 
Paluxy sands becomes less appreciable and finally dies out, and north- 
ward the two sands unite into one great formation, to which the name 
Antlers sands (from Antlers, Indian Territory) has been given. West 
of Decatur these combined sands have an estimated thickness of 193 
feet between the underlying Carboniferous and the Walnut beds at the 


1Am. Jour, Sci., 8d series, Vol. XXXIII, April, 1887, p. 298. 
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base of the Fredericksburg at Decatur. In the sands at this point 
are thin indurations, often less than a foot thick, the last northward 
indication of the Glen Rose beds which to the southward are so well 
developed into great limestone formations. 

The following composite section in the vicinity of Decatur will give 
a general idea of the formations in these regions (see fig. 15): 


Section No. 16.—Secrion av Decatur, Wisk County, Texas (TAFF AND HI). 


Total depth 
| Thickness. | to bottom of 
stratum. 


Kiamitia clays: 


10. Blackish clays alternating with thin limestone flags 
containing a great abundance of Gryphxa corrugata, 
exposed on the hills to the east and south of the 
GlinyeueLbicknessiestimateds cesses ss ssseeee re cece 50 50 


Feet. Feet. 


Goodland limestone: 
Omphvancuwinite limestone meas. 22 ase see eee see eee 33 83 
Sem Vai liy ge lay eee eae a eee are eet ota oe Sa loduje dasha oa arr 2 85 
(en Compact wiitte limestones-- +242. 2s2se ess saase eee 9 94 
Walnut formation: 


6. Alternations of calcareous marls and compact layers 
of limestone containing great numbers of Gryphwa 
MOMRCOU 0S 66 Sato ASO GO SAORI SE CO CE BECO 18 112 


Antlers formation: 
i, JO chine ~e Le SS Se eee ees eae Ses ae eres 140 252 


4. A thin indurated layer containing Anomia and other 
TOSsilsTOMphelSanchezsionizonesee eases jecem ees. = 1 253 


Glen Rose (?): 


3. Pack sand. Five feet above the base of this sand 
there are thin arenaceous indurations in the sand | 
containing casts of Glen Rose fossils...-.---------- 


2. Thin indurated layers like those of the Lambert hori- 
zon of the Weatherford section.......--.---------- Trace. 


Basement sands: 


1. Pack sand, grading downward into a conglomerate at 
INS CEE Os ene od ee Sons OSS C Ie OSE Rees heer are 120 408 


CARBONIFEROUS. 


0. Sandstone and clays. 


CHARACTER OF ANTLERS SANDS NORTH OF DECATUR. 


From Decatur northwestward to Bowie, 28 miles, the Basement 
sands have their greatest development. This includes a great thick- 
ness of pack sand, with a few bands of clay and pebbly conglomerate, 
which extends from the Upper Coal Measures near the Permian con- 
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tact at Bowie to the Walnut beds at the base of the Fredericksburg 
division at Decatur. In every physical aspect the sands and conglom- 
erates in this area are exclusively Basemental in character, but they 
are known to represent a union of the Basement and Paluxy sands, 
and may possibly include even lower formations of undetermined age. 
The only separation layers visible in the beds as a whole are a few 
bands of conglomerate. A conglomerate of pebbles and sand forms 
the basal zone of this region and of other localities cited above, but it 
is of very small pebbles. Beginning in northern Wise County, large 
masses of this indurated conglomerate appear at the base of the beds 
and continue through Montague County to Red River Valley. It is 
hardened into firm, resistant stone in places. The easily eroded pack 
sand which overlies the conglomerate, especially in outlying areas 
which have been detached by ero- 
sion from Wise County north, en- 
velops large masses of this hard con- 
glomerate, which may or may not be 
pre-Cretaceous. In compact masses 
of sand similar pebbles occur, mixed 
with the sand, associated with the er- 
raticcompact conglomerate. Above 
the pebbly zone, through a vertical 
distance of 320 feet to the Walnut 
limestone, there is no perceptible 
changeinthesand. In the character 
of the material composing the sand 
and of the structure there is no in- 
dication of a change or cessation of 
SHaane == deposits throughout the bed. 

Fic. 20.—Section of western escarpment of AS a whole the pack sands over- 

Gown Puce at 8 Jo Tesee. (FOF Jap the parting of the Carboniferous 

Coal Measures and Permian Red 
Beds in this region, and much of the pebble therein may be developed 
from a conglomerate which, according to J. 8. Stone, may mark the 
contact between the Carboniferous and the Permian. This has little, 
rounded, white pebbles, which are also found in great abundance in 
the Basement sands. It is utterly impossible at present to differentiate 
this great thickness of sands, and for practical purposes they must be 
included in the basal Cretaceous. 

From Bowie the Antlers sands continue north, being well displayed 
between Montague and St. Jo, the western parting passing between 
Naconaand St. Jo (see fig. 20). From these points the outcrop turns due 
east down Red River, gradually narrowing into a vertical bluff forma- 
tion. The thickness of the sands between Bowie and Red River is indefi- 
nite, but Taff estimates 500 feet just west of St. Join Montague County. 
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It is an interesting fact that as these sands turn eastward down Red 
River their upper beds begin to encroach upon the 
stratigraphic position of the Walnut formation at 
the base of the Fredericksburg division. On both 
sides of Red River adjacent to Jimtown the upper 
limit of the sands passes into an impure sandy clay 
beneath the Goodland limestone, marked by the 
characteristic Hvogyra texana fauna of the Wal- 
nut clays to the south. The same condition is seen 
in the bluff of Hickory Creek north of Marietta, 
Indian Territory. 


“OL 


To 


ANTLERS SANDS IN INDIAN TERRITORY. 


There has been little study of the details of the 
Basement sands in Indian Territory. The writer 
has observed them only in rapid reconnaissances 
and noted points here and there along the bound- 
aries of their outcrop. In general the formation, 
as in Texas, consists of loose, unconsolidated sands 
of undetermined thickness, with occasional laminz 
of clay. The subsoil is usually red, from the oxi- 
dation of the contained iron, and the soil a leached, 
ashen gray. 

From Healdton eastward to the Arkansas line 
they are better displayed and exhibit the general 
surface characters exposed in Texas. Débris of 
the Permian conglomerates also occurs between 
Trinity River and Woodford, Indian Territory, 
and Silurian limestone pebbles occur southwest of 
Ardmore. For a short distance between Tisho- 
mingo and Boggy Depot, Indian Territory, débris 
of granites and Paleozoic limestones is found in 
the Basement sands. Elsewhere the beds are com- 
posed of débris of the Carboniferous sandstones. 

From Powell’s crossing of the Brazos, west of 
north from Anthon and Whitt, in the northwest 
corner of Parker County, are excellent exposures 
of the Basement sands in contact with the under- 
lying Carboniferous; good general sections of the 
entire Trinity division from the base of the Fred- 
ericksburg, which forms the escarpment of the 
Grand Prairie, are procurable. 

The Basement sands, as noted by Taff, occur in 
good exposures along a run three-fourths of a mile 
southeast of Hiner just north of the Brazos. They 
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are beautifully false bedded and false laminated, and show clearly 
the action of the waves and fluctuating currents. From the base 
upward about 20 feet worn siliceous pebbles of various sizes and 
colors make a great part of the material, as seen at the base of the 
Dublin and Twin Mountain sections. Near the upper portion of 
this gritty, pebbly bed are fragments of silicified wood, which is very 
common here near the middle of the sand. Above the zone of fossil 
wood the sand becomes argillaceous and calcareous, indurated in bands. 
Here are local deposits of purple and red sandy clay, and nodules of 
iron sandstone occur rather abundantly in the upper half of the sand. 
Fifty feet below the upper limit of the sand, ina gulch in Kidwell’s 
pasture, near the Milligan ranch place, 2 miles east of Hiner, there is 
an exposure of sand, clay, lignite, and silicified wood. The lignite 
is local and appears to have occupied the bed of a lagoon. Limbs, 
fragments, and bodies of trees project from the bluff, lignitized and 
silicified. In some instances the lignite has been silicified. 

In places along their northern margin the Basement sands have been 
almost denuded, sometimes entirely removed from the old level of the 
Wichita paleoplain. Above this the sand remains as a thin veneering. 
No contemporaneous limestones have yet been noted in the Basement 
sands in Indian Territory, although they, together with a considerable 
thickness of clay, occur in Arkansas» just across the line (see fig. 21). 
It is difficult to estimate the thickness of these sands in the Territory, 
but the whole Trinity division, if the dips on the surface are main- 
tained, must be nearly 1,500 feet thick along the line of the San Fran- 
cisco road. The following section of the rocks beneath the Washita 
division in an artesian well dug at Denison shows the nature of the 
Antlers sands at that place (see fig. 78, 2’). The section shows the occur- 
rence of only 20 feet of limestone near the top, the remainder being 
clay and sandstone. 
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Seetion No. 17.—ANTLERS SANDS IN DENISON ARTESIAN WELL (RECORD BELOW 
GOODLAND LIMESTONE). 


(See fig. 78, E.) 


Total depth 
A Thickness. | to bottom of 
| stratum. 
18. Blue clay interspersed with frequent strata of fine quick- Feet. | Feet. 
COAL, WAAC SoS S oh a Re a ee eS a 90 =| 90 
17. Sand, fine and coarse gravel, and bowlders, water abundant-! 10 100 
. > “yp | 
16. Very hard blue limestone (fossiliferous) --.........------ 20 120 
1H, Clean vias: ywouins Sepak (SWiK?) BR oe eee eeee see Se eee eoeea ss 25 145 
1A, Towed Wyle CEN) shes ecoRRens eee eee erm ae 3 148 
13. Coarse sharp white sand, water under pressure, rose to 
VWaudooin WOO) Wee Or LUWEIES Goesae eases seeo pees cose sece= 7 155 
IZ, Rowela SiOS@E. ass aecses Hae sne aoe ee ete eee eee | 50 205 
ipeouciiewiite clayamOnoilbes == ssn S22 ee Bee eee 7 212 
Om inesywnitersand: waterabpundant.— 5.2... .2.cenece ene 25 237 
9. Yellowish white clay with streaks of sand (water?)-.-..--- 45 282 
Sem OOSeab ON dersieee emt ee seer ee Rtas dacs ge ee esses | 10 292 
feellandsoravalimestonesanrr-)-s\<.=.2-\4- o=2 os 5ce ie eee as eaeta | 8 300 
6. About 2 feet apparent cavity, balance white sand with 
streaks of white clay toward bottom.-..-....----.------ 25 325 
5. Yellowish clay, greenish toward bottom, with small lumps 
Oleorcemishisandsrocker= messes steers see eee ee 15 340 
4. Variegated clay with reddish sand toward bottom. -.----- 10 350 
3. ‘Red rock,’’ composed of red clay or chalk and sand with 
small quantity of black sand in upper part of strata. -.--- 75 425 
ebedeotusmallishellseesenene -s222 see sioscces ecoee sees 2.5 427.5 
1. ‘‘Red rock,’’ same as 75 feet, but no black sand-.--..-.---- 23 450.5 


INLIERS OF LAMPASAS CUT PLAIN. 
(See map, Pl. LX VI.) 


Some of the creeks and rivers that have their source within the 
main Cretaceous area near the eastern boundary of the Trinity have 
cut down into the sand by their rapid erosion, yet they are not able to 
maintain their position, because of the steep dips of the rock, which 
carry them down to the stream beds again. By this process of erosion 
ribbons of the Basement sands are exposed in the deeper stream val- 
leys in the western portion of the Lampasas Cut Plain. Such is the 
case in the region of Paluxy, Bosque, and Lampasas rivers and other 
small streams. 

In some cases these streams have cut across the Trinity—Glen Rose 
border, stolen finally the drainage of other creeks, and still hold their 
sources in the Trinity sands. The valley of the Paluxy in Erath, 
Hood, and Somervell counties presents an excellent illustration of an 
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inlying outcrop of the Basement sands. The Paluxy has its source 
upon the narrow plateau of the Glen Rose formation, which makes the 
western border of the cut plain, and by rapid erosion near its head 
has cut a deep valley, down to the Basement sands, for about 20 miles, 
from Morgans Mill, Erath County, to the Paluxy sands above. 

In these outcrops occur immense quantities of silicified wood, espe- 
cially between Bluffdale and Morgans Mill. These sands are reddish 
when weathered, are nearly pure white in places, and are often inter- 
stratified with thin seams of clay. Sometimes the clay is in lenticular 
layers, or even balls, and in all external aspects resembles that of the 
Potomac formation. The sands are sometimes consolidated into white 
rock that can not be distinguished from the Albirupean rocks of Uhler. 
Mottled and pink clays like those of the Potomac occasionally occur. 

On Wolf Creek, 45 miles north of Bluffdale, is a cliff about 60 feet 
high, with a fine exposure of the sands and clay layers. Near the top 
was a layer containing obscure vegetable remains, very scarce, with 
shells among them. Their position was peculiar. No plants.could be 
found in the clay layers, although two of the sand beds had black car- 
bonaceous seams at their base. In the creek bed the clays and sands 
often appeared below a considerable bluff of valley wash, but in no 
instance could plants be found. The clays are usually greenish, but 
in some places the pink, red, white, and mottled condition was very 
distinct. The lignite reported was far under water in a pool of the 
right fork. A mile below, on the right bank of Wolf Creek, in a 
gulch, there are a number of trunks and roots of silicified wood. 

Along the greater part of the length of a canyon called Woodrock 
Hollow, on the Paluxy, 2 miles below Bluffdale, and its several 
branches, as well as up on the sides, there are vast quantities of silici- 
fied wood, some of it in good condition. Well down in the ravine 
are some rather high bluffs or exposures of Basement sands with clay 
seams. In one of these there is a dark seam in which Professor Ward 
found obscure vegetable remains, apparently leaves or pinne of Z7- 
mites. Atanother exposure lower down in the ravine bones were found 
projecting from the sands. They were very rotten and only a few 
could be collected without excavation. 

Similar exposures of the Basement sands are made in the valley of 
the Bosque in eastern Erath County. 

In one instance the Basement sands as exposed well within the main 
area of the Lampasas Cut Plain may be seen resting upon the Paleo- 
zoic floor. This notable example is a small district south of the town 
of Lampasas, as shown on the geologic map (Pl. LX VI). Here a belt 
of Basement beds, chiefly conglomerates, crops out around the perim- 
eter of the Carboniferous rocks. Extending west from Lampasas, 
it occurs along the north side of Donaldson Creek Valley to the Lam- 
pasas and Nix road. From the Lampasas-Nix road it bears nearly 
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south to the South Fork of Donaldson Creek, whence it bears south- 
west, passing along the south side of the creek valley and crossing 
Sulphur Creek about 2 miles below the town. From the point of 
crossing on Sulphur Creek it occurs along the hillsides east, north, 
and west of Lampasas. The Basement beds at this locality are appar- 
ently the margins of the lower portion of the Glen Rose formation, 
surrounding a local projection in the Paleozoic floor. 


REMNANTAL AREAS IN THE CENTRAL PROVINCE. 


In the Central Province, between the western border of the Grand 
Prairie in Comanche County and the eastern border of the Llano 
Estacado, are many remnantal areas of the Basement sands spreading 
out from the foot of the table-lands and buttes of the Callahan Divide 
and overlapping the edges of the lower-lying plains. These ‘‘ sand- 
roughs,” as they are locally termed, rest upon Carboniferous and Per- 
mian rocks. ‘They stretch westward irregularly from northern Brown 
County along the southern side and between the various buttes of the 
Callahan Divide and in a northerly direction along their northern 
side from the northwestern portion of Comanche County across south- 
ern Eastland, northern Brown, and southeastern Callahan counties. 
The sand extends fully 200 square miles in the more western counties 
and is of the age of the Paluxy formation, the Glen Rose limestone 
no longer appearing. 


FREDERICKSBURG DIVISION. 


GENERAL CHARACTER AND RELATIONS. 


It has already been shown that the Comanche sea at the close of the 
Trinity epoch had overcome the old Paleozoic barrier beneath the 
Grand Prairie, and how during the succeeding Fredericksburg epoch 
it swept gradually west and north over the vast areas of the Central 
and Plains provinces, reaching southern Kansas and northwestern New 
Mexico at its close. During the Fredericksburg subepoch the Creta- 
ceous shore reached west and north approximately to a line extending 
from El Paso north into southwestern Kansas. The area lying south 
and east of this line, as far at least as the eastern border of the Black 
Prairie, as shown by the extent of the Edwards limestone, was a great. 
arm of the sea, the bottom of which was covered with calcareous organ- 
isms as certain banks of the present West Indian seas are now covered. 
Over the entire area thus covered by the oceanic waters the sea deposited 
a mantle of arenaceous, argillaceous, and chalky sediments which now 
make the rocks of the Fredericksburg division. Not only were the 
sediments thus deposited over a far greater area than that previously 
occupied by the Trinity seas, but they were also laid down over the 
sediments deposited during the Trinity epoch. Hence, these rock 
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sheets have much greater extent than do those of the Trinity division, 
not only occupying all the area underlain by the latter, but overlapping 
avast region to the interior which was dry land during the Trinity 
deposition. 

As a whole, these sediments thicken and become more calcareous 
seaward, away from the position of the old peripheral shore line at the 
close of the Fredericksburg epoch, as above outlined. This thickening 
took place by the accretion of calcareous layers offshore and horizon- 
tally away from the diagonal basement beds, after the same manner as 
the limestone layers previously described in the case of the Trinity 
division. The slope of the old bottom of deposition was so slight and 
its extent so vast that these changes in thickness were very gradual, 
and can only be noted by comparing widely separated local sections. 
Hence, the rocks of this division, as a whole, notwithstanding the 
variations to be noted, may be considered as presenting a remarkable 
example of uniformity of thickness and composition. In its entirety 
this division is composed of more calcareous rocks than the other divi- 
sions of the Comanche series. Although its interior margins ultimately 
pass into the Basement sands, this change mostly takes place beyond 
the borders of the East-Central Province, within which it is practically 
a great limestone formation (Edwards limestone), initiated by beds of 
clay (Walnut formation) at its base. 

The Walnut clays pass horizontally into the Basement sands at the 
periphery of the EKast-Central Province. Within the area discussed 
in this paper this passage is seen only along the northern border 
regions and northwestward across the Central Province in the western 
buttes of the Callahan Divide. In some places, as in the Red River 
district, the lower-lying clays are thick relative to the limestones; in 
others they thin out, while the limestones are’ greatly increased, as on 
the Rio Grande. 

Asa whole, the limestones of the Fredericksburg division thin toward 
the Rocky Mountains and the Ouachita uplifts to the north, and thicken 
southward or toward the Rio Grande, being in the neighborhood of 
700 feet in the latter region and less than 30 along the southern foot 
of the Ouachita Mountains of Indian Territory. They ultimately pass 
into clays and sands around the western ends of the Ouachitas in south- 
ern Kansas and west of Texas in eastern New Mexico. 


SUBDIVISIONS OF FREDERICKSBURG GROUP. 


Notwithstanding the uniformity and persistence of the beds and the 
manner in which they coalesce in certain marginal belts in different 
portions of the area of their occurrence notable variations may be 
observed, which in the regions of their greatest development are of 
sufficient importance to justify the subdivision of the series into several 
distinct stratigraphic and mappable units, to which lecal names must 
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be given. Each of these extends over wide areas and they will pres- 
ently be described in detail. 

In the area of its most typical, if not greatest, development, in the 
Grand Prairie region between the Brazos and the Colorado, as will be 
more fully set forth later, the limestone is further differentiable into 
two well-marked mappable subdivisions (see fig. 12). In this region 
all sections of the Fredericksburg division present the following 
sequence, as shown in various figures: 

1. At the base there are a few feet of calcareous clays intercalated 
with brecciated limestones, passing up into chalky lavers, which be- 

- come more numerous toward the top. These are the Walnut beds. 

2. The chalky bands which begin to appear in the top of the Walnut 
clays are the beginning of a succeeding limestone formation (Comanche 
Peak limestone), which in this region is separated into two well-detined 
stratigraphic units. (a) The lowest of these is the Comanche Peak 
formation. This formation is composed of compact white rocks which 
on weathering shatter into numerous angular or conchoidal flakes, sel- 
dom weathering into ledges, and contain great numbers of casts of 
mollusks andechinoids. (4) Without break or apparent change in com- 
position the rocks above the Comanche Peak begin to become harder, 
weathering into ledges often semicrystalline in character, and containing 
flint nodules and peculiar fossils of the types known as Regucenia and 
Rudistes. These rocks form the Edwards limestone. The Comanche 
Peak beds are chiefly distinguishable from the succeeding Edwards 
limestone by the absence of flints and certain very peculiar fossils of 
the overlying beds, and by the fact that they weather into slopes 
instead of bluffs. 

Stratigraphically there is no break between the various formations, 
and they pass upward or downward into one another by gradual transi- 
tion. The marly lime of the upper portions of the Wainut formation 
grades into the chalky limestones at the base of the Edwards forma- 
tion without demarcation. 

The combined Comanche Peak and Edwards limestone thins out 
north of the Brazos, where it is no longer separable into individual 
beds. Onthe other hand, it thickens south of the Colorado, where 
several distinct subdivisions could be made. 


NOMENCLATURE. 


In view of these varied aspects and conditions of mapping in the 
ditferent fields of occurrence, the nomenclature to be used for the lime- 
stones must be adapted to them. 

The term Goodland limestone will be used in a general sense to 
designate the combined Comanche Peak and Edwards limestones— 
the entire limestone formation—south of the Colorado. The terms 
Comanche Peak and Edwards limestones will be used for the two 
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mappable units into which the Goodland limestone is differentiable in 
the Lampasas Cut Plain between the Colorado and the Trinity, and 
the name Goodland limestone will be used for the combined attenuated 
northern continuation of the Edwards formation in Texas north of 
the Trinity and in southern Indian Territory. 

VARIATIONS IN THICKNESS. 

The general sections given in this paper will convey a clear idea of 
the varying thickness and relation of the beds of the Fredericksburg 
division throughout their extent from the Colorado to Red River. 

To the south, as seen in the Nueces sections, and less conspicuously 
so in the Colorado sections, the Comanche Peak and Walnut forma- 
tions thin out until each is less than 10 feet thick and is not capable of 
being separately mapped. The Edwards limestone is thicker, aggre- 
gating a greater number of feet than all the formations of the division 
in the Brazos sections, and making the only mappable formation. 


Fic. 22.—Transgression of Walnut clays. e, Edwards limestone; ec, Walnut formation; 7, Glen Rose 
formation; a, Paleozoic floor; b, Basement sands. 


Hence in this region the rocks of the aspect of the Edwards limestone 
are the correlatives of the various formations of the Brazos section. 

To the north of the Brazos, on the other hand, the formations of 
the Fredericksburg division gradually thin out and, with the excep- 
tion of a thin band of the limestone, pass into the Basement sands. 
(See fig. 22.) 

TOPOGRAPHY. 

Throughout the region south of the Brazos included within the 
Callahan Divide, the Lampasas Cut Plain, and the Edwards Plateau, 
where the Walnut, Comanche Peak, and Edwards formations are 
developed and where the topography has reached maturity, each 
formation constitutes a definite element of the peculiar topography. 
The Edwards limestone makes the cap rocks of the flat divides; the 
Comanche Peak chalk weathers into slopes leading down from the cap 
rock toa lower platform, from which the buttes arise. This platform 
is composed of the Walnut clays, the indurated layers of which pro- 
duce terraces of stratification. (See fig. 5.) 

There are antecedent conditions to this cut-plain topography which 
may be stated as follows: Where the streams cut only into the Ed- 
wards limestone simple vertical bluffs occur, as seen on the Colorado 
between west Austin and the city dam. (PI. XX, /), 1, 2, 3.) Where 
the stream cuts into the Edwards and the Comanche Peak bed the latter 
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undermines. Where the stream reaches the Walnut beds wide flat 
valleys ensue and the Comanche Peak slopes and Edwards limestones 
form receding margins of the valley. 

The uniform dip of the rocks of the Fredericksburg division is no 
less notable than their vast extent and uniform lithologic and paleon- 
tologic characters. Approximately from the one hundred and fifth to 
the ninety-seventh meridian the coastward dip of these rocks coincides 
with the continental slope. This does not average over 10 feet to the 
mile west of where the Callahan Divide branches off from the western 
border of the Grand Prairie in northwest Comanche County. Across 
the Grand Prairie the dip slightly increases as the rock sheets approach 
the gentle monoclinal flexure (developing southward into the Bal- 
cones fault), where they suddenly bend into their embed beneath the 
Black Prairie. The rates of dip are given on a later page (see p. 376 
et seq.). 

GENERAL SECTIONS. 

With these few preliminary statements we can now proceed to a 
more detailed description of these various beds. 

North of the latitude of Decatur the rocks of the Fredericksburg 
division within the area of the Grand Prairie rest directly upon the 
Basement sands, which thence north to the Ouachita Mountains include 
in their upper layers the equivalents of the basal Fredericksburg to 
the south. Between the Lampasas and Decatur they rest upon the 
Paluxy sands; from the Lampasas southward they rest upon lime- 
stones there included in the upper part of the Glen Rose beds, the 
equivalent of the Paluxy sands to the north. Nowhere is there any 
break or recognizable unconformity between the underlying beds and 
the Fredericksburg, but they rather pass into each other by abrupt 
transition. 

West of the Grand Prairie, across the Central Province, the rocks of 
the Fredericksburg division usually rest upon the transgressing Base- 
ment sands, which are the equivalent of the Trinity, Glen Rose, and 
Paluxy formations and the lower part of the Fredericksburg itself. In 
places, such as northern Gillespie, Llano, and San Saba counties, where 
inequalities exist in the Paleozoic floor, the Fredericksburg rests almost 
directly upon the Cambrian, Silurian, and Carboniferous rocks. 

From the south front of the Ouachita Mountains to the San Gabriel, 
just north of the Colorado, the limestone rocks of the Fredericksburg 
division are covered by the Kiamitia clays, representing the base of 
the Washita division. To the south of the San Gabriel the limestones 
which make the top of the Fredericksburg division are covered by 
limestone of the Georgetown formation, from which they can be dis- 
tinguished only by certain minute lithologic and paleontologic dif- 
ferences. To the south of the Colorado the Fredericksburg and Fort . 
Worth limestones make a single great limestone group. (See fig. 12.) 
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Section No. 18.—SEcTION OF THE FREDERICKSBURG DIVISION OF THE COMANCHE 


SERIES 
SANDs.! 


FROM THE TOP OF COMANCHE PEAK (ALTITUDE 1,250 FEET) TO TOP OF PALUXY 
(See fig. 12.) 


FREDERICKSBURG DIVISION. 


Feet. 
Edwards limestone: 
7. 1. Hard, chalky limestone, character uniform throughout. Fossil 
Rudistes, occurring very irregularly. Forms cap rock of moun- 
{aT edocs ed swicas Saoe ete sees Seen Oe eee ee eee 33 
Comanche Peak beds: . 
6. h. Slightly softer, chalky limestone. More variable in hardness 
than the Edwards (Caprina), thus forming slopes...---------- 66 
g. Hard limestone, which bears numerous small Gryphxa at the 
Mpperred ge (Flo iS Se Se kore eect ee 3 
Friable, marly limestone, in which are Gryphwa..----- ahspae asa 8 
é. edgerois hard dlimestone=-se = ete eee eee eae see eee ae 1 
d. Marly limestone, weathering easily; contains Gryphea .....----- 5 
¢; Harder limestone layers. 53. -5- soso eee eee eee eee 1 
b. Marly lime, exhibiting chalky character in the upper portion.... 15 
a. Flagey limestone, containing Gryphxa-.-...--------------- eat on Me 
——* 133 
Walnut formation: 
5. Arenaceous and argillaceous lime marl with layers of harder lime- 
stone: 
e. Argillaceous lime marl, grading downward into arenaceous lam- 
inatedimarl ini thesbasaliportiones essere eee eee eee 20 
d= Compact, argillaceousslimestones sess sees eee ease ee eee 2 
ce; Argillaceous lime man) withnGriphores= sos eee ee 3 
by Lhin} compact limestones a-ses=e2 sere ee eee ee il 
a... White:marly limestones22= 2.226. sone ee eae aee ee eee ee eae 5 
31 
4. Bedded 'Gryphvaibreccial<-ss5-c5- - one eee eee 10 
41 
On the surface, after long weathering, this rock appears as a yellow 
or light-butf friable marl. In fresh exposures it is a compact light- 
blue limestone with softer thin layers of marly lime intervening 
between the harder and thicker strata. 
3. Yielding argillaceous lime marl, bearing numerous individuals of 
Ga piuchenia== eee adc eee: £ Asc eee eee eae ee eee 14 
2. Marly and hard layers of limestone alternating: 
e HardeGryphea limestone sas e-em = eee eee eee 2 
f, Marly lime ion, weathered suntace se a= ye = oe eee 4 
é; ‘Thin layer of compactilimestone sss as- =e ea eae ee 1 
d. Marly limestone, friable on weathered surface -......---.------- 2 
¢: Inmestoneiledsesiwathy Gryphed seas eee eee eae ee 3 
b. Marly limestone with many Gryphxaand Exogyra texana; weathers 
readily smto.sOlumatetiali sess ee — ae eee es eee 4 
ay eersistentilayer Oi limMeStON Css -— = ese eee eee 2 
— i8 
.. Arenaceous lime marls\ with Gnyphe@ = -2ee2 ss == een Sars 15 
SS 


1For downward continuation of this section see fig. 12, p. 151. 
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The basal portion is more arenaceous than the upper, and grades 
downward with increasing proportions of arenaceous material to its 
contact with the Paluxy sand. 


Section No. 19.—Secrion at LoGans Gap, CoMANCHE County, TExas. 


(See fig. 23.) 


Total depth 
Thickness. | to bottom of 
stratum. 
Edwards limestone: Feet. Feet, 
OMS ont pelallikeyslinaestoneeeeseeecc cee nicecine cece sce cence 10 10 
9. Three strata of so-called magnesian limestone with 
cherty nodules between them containing Requienia - 40 50 
8. Hard, crystalline limestone with Requienia and Radio- 
WWD ngudeo dS 6c Senne Ce COGE eR SeU ED Sa eee eee eee 30 80 
7. Impure siliceous limestone containing coarse grains - - 3 83 
Comanche Peak beds: 
6. Pure white, chalky limestone in thin friable layers, 
breaking on exposure and containing Lnallaster 
texana, Exogyra texana, Cardium, Natica, ete....---- +40 123 
5. Yellow impure limestone at base of above -.-.------- aE 126 
Walnut formation: 
4. Calcareous clays with thin blocks containing Gryphxa 
MARCOMMAN ASH LOGUTOELON Osama naan ceeee ese cle 10 136 
Som WCUClAVSeeps serie at nee icem ne nsicce ee seee cate se cieas 30 166 
Paluxy formation: 
ma inuterandimediclayiceeecrerac: ssccmeccia rs \ecce aac << 7 173 
1. Paluxy sand, as seen in well (packsand)--....------- 100 273 


WALNUT FORMATION.) 
GENERAL CHARACTER AND COMPOSITION, 


The Walnut formation comprises the beds of clay and nonchalky 
limestones at the base of the Fredericksburg division. They consist 
of alternations of calcareous laminated clays, weathering yellow on 
oxidation, semicrystalline limestone flags, and shell agglomerate, all of 
which grade upward without break into the more chalky beds of 
the Edwards limestone. -In places they weather into rich black soils 
and make extensive agricultural belts. 

Both limestones and clays are accompanied by large quantities of 
two species of fossil oyster which are always so abundant as to be of 
great value in determining the formation. These are /xogyra texana 
of Roemer and Gryphwa marcoui of Hill and Vaughan. Gryphwa 
marcout occurs in thick beds of shell agglomerate from 1 to 20 feet 
thick, made up almost exclusively of thisoyster. These are especially 


1Exogyra texana beds of Hill, 1887; Walnut beds of Hill, 1890; Texana beds of Taff, 1892; this 
formation is shown on the geologic map, Pl, LX VI. 
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conspicuous from the Lampasas River northward, in Belle, Bosque. 
Hood, Parker, Wise, and Cooke counties. 

The flaggy layers, when present, are usually beds of thin, hard crys- 
talline limestone, composed of shells of Hxogyra terana cemented by a 
crystallized matrix. These flags are steel blue in color interiorly, but 
oxidized to dull olives at the surface. The marls between the layers 
are very calcareous and in places make deep and valuable agricultural 
soils. 

The details of the Walnut beds in the Comanche Peak section (Sec- 
tion No. 18, fig. 12), the Benbrook section (Pl. XIX, 2), and the fol- 
lowing section, based on observations on both sides of Bosque River 
Valley, will give an idea of the character of this formation in the region 
of its maximum development. 


Section No. 20.—BosquE RIvER VALLEY. 


Jomanche Peak formation: Feet. 
6. Calcareous and argillaceous, chalky, white and light-blue limestone, which 


contains, in its upper portion, Exvogyra texana, in their greatest develop- 
ment in point of size, Enallaster texanus, Epiaster elegans, Holectypus 
planatus, Sphenodiscus pedernalis, Gryphxa marcoui, and casts of gaster- 
OPOGS)2 once edd) cc eae oe cre no Se aS eee 15 
Walnut clays: 
5. Uppermost Gryphxa marcoui zone; compact thin layers of limestone. 


The fossils are small and are cemented in the hard limestone ----- 3 
4. Marly white to buff limestone, bearing but few fossils........------ 25 


Fragments of oyster shells and fossil casts occur. On weathering, 
the marly lime breaks up into soft marl and angular balls of 
marly lime. 

3. Middle Gryphxa marcoui zone; composed of layers of hard and semi- 
crystalline lime, bearing numerous individuals of small Gryphxa 
marcour fossils: 2 4.524 fae enieeee eee ore ee eee 3 

2:: Marly: limestone beds:7o2 2 52 asc cee a eee eee eee eee 30 
The limestone layers composing this bed are of varying thicknesses. 

Oceasional hard bands project from the surface and leaye frag- 
ments of limestone on the sloping hillsides. 

1. Soft marly and compact semicrystalline limestone in alternating lay- 
ers, varying in thickness from very thin bands to beds 3 to 4 feet 


thick: 2 26 28 sae eee ee eae ee eee eee 35 
— 96 
0. Paluxy sand. 
Total):<.\ Ratios ee oe eae ae ere ten eee Sree ere eee ee eer ee ce 11l 


The upper portion of this section is composed of massive white lime- 
stone, differing little in character from the superimposed Comanche 
Peak limestone. Near the base the limestone isin the form of thin beds, 
blue in fresh exposures, turning to a cream or yellow color on long 
weathering. It contains considerable clay apparently, and in some 
instances small quantities of petroleum. The lower portion contains 
few fossils. 

Many of the hard bands of limestone are agglomerates of Gryphwa 
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marcoui, Which, in some instances, com- 
pose almost the whole rock. The fossils 
Erogyra tecana and Gryphea marcou 
(see Pil. XX VII) occur abundantly in this 
bed, but Zzogyra is most numerous at and 
near the base, while Gryphea is most 
abundant at the top. 


RELATIONS AND AREAL DISTRIBUTION. 


Although the Walnut formation does 
not anywhere aggregate 200 feet in thick- 
ness, it is very persistent in its extent 
and makes one of the most extensive 
and easily recognized of the geologic for- 
mations. 

South of the Trinity this formation usu- 
ally outcrops as a conspicuous flat bench 
or shoulder just below the scarp and upper 
slope of the Edwards and Comanche Peak 
limestones which cap the numerous buttes 
and divides of the Lampasas Cut Plain. 
Along the eastward marginal region of 
the Grand Prairie the outcrop of the for- 
mation descends toward the stream beds. 
As a consequence many of the streams in 
certain portions of their courses flow in 
wide and fertile valleys established upon 
the Walnut beds, between outer bluffs of 
the Edwards limestone. Of this nature 
are the valleys of the Trinity in western 
Tarrant County, the Bosque, in Bosque 
County, the Leon, east of Gatesville, and 
Nolands River, in southern Bell County. 

From Wise County northward the Wal- 
nut formation rests upon and passes hori- 
zontally into the Basement (Antlers) sands, 
the upper part of which is no doubt the 
equivalent of the Walnut formation of 
the more southern sections. Between the 
Trinity and the Lampasas the Walnut 
formation rests upon the unconsolidated 
Paluxy sands. South of the Lampasas 
River the Walnut rests directly upon the 
consolidated layers of the upper Glen 
Rose beds. 

The general areal distribution of this 
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Fic. 23.—Section of Round Mountain, 
Comanche County, Texas. (For 
explanation of lettering, see Pl. 
XVI. p. 110), 
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formation within the area of the Grand Prairie may be said to be 
coincident with the base of the meandering cap rock of the western 
border and the incised valley scarps of the Lampasas Cut Plain. 
Through Indian Territory no well-marked lithologic representative 
of the Walnut clays is found, the Goodland limestone resting directly 
upon the Basement sands. 

From Red River to the Clear Fork of the Trinity the Walnut for- 
mation rapidly thickens along the line of outcrop through Cooke, 
Wise, and Parker counties. 

At Preston and Little Mineral Creek in northern Grayson County, 
and a few miles northwest of Marietta, Indian Territory, the Walnut 
formation is represented by a few clay layers bearing EHogyra texana 
in the Basement sands beneath the Goodland limestone. At Decatur, 
27 miles north of Benbrook, the Walnut formation has thickened to 
27 feet. In this region the formation is represented principally by 
vast agglomerates of Gryphwa marcoui, as conspicuously seen in the 
southern part of Weatherford, along the summit of the Grand Prairie 
east of Decatur, and along the eastward-extending valleys of the 
prairie streams. This agglomerate is 5 or 6 feet thick on Clear Fork 
of the Trinity, about 12 miles east of Weatherford. 

In northeastern Wise County the formation occupies a narrow belt 
of prairie land seldom over a mile in width at or just below the edge 
of the western escarpment of the Grand Prairie and above the upland 
belt of timber established upon the Paluxy sands. This belt extends 
irregularly southward into the northwest corner of Tarrant County, 
following the slopes of the Trinity Valley, thence south nearly to Fort 
Worth, from which point it continues west of north up the south bank 
of that stream nearly to Jack County, where, turning around the north- 
west prolongation of the divide between the South Fork of the Trinity 
and the Brazos, it again continues southeast ward through Weatherford 
and northeastern Hood County to the southwest corner of Johnson 
County, where it crosses the Brazos. 

In the stream valleys of the Trinity drainage indenting the Grand 
Prairie in eastern Parker and western Tarrant counties the Walnut 
formation is well exposed, extending from the longitude of Weather- 
ford to east of Benbrook, almost to Fort Worth. The Clear Fork of 
the Trinity cuts through the formation and finally flows across it. 
Nearly 6 miles northwest of Fort Worth the Walnut formation disap- 
pears in the bed of the river. Two miles east of Benbrook the Wal- 
nut clays, about 134 feet thick, are surmounted by 54.5 feet of Good- 
land limestone, as shown in section No. 23, p. 221. 

South of the Brazos, beginning in northwestern Hood County, the 
beds outcrop along the western prairie border just above the Paluxy 
sands, coincident with its many meanderings through western Erath 
and Comanche counties, and from near Risingstar southeastward 
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through Burnet County to the Colorado and down its valley to just 
west of Austin. In this portion of its extent the formation is not very 
thick, nor of important agricultural value. In some places its iden- 
tity is almost lost. The beds thicken with the dip, as shown in the 
incised valley section within the Grand Prairie proper. The last- 
mentioned class of outcrops constitute exceedingly irregular areas. In 
central EKrath County, north of Dublin and west of Morgan Mills and 
Stephenville, where these beds cap an extensive prairie plateau, they 
contain a larger proportion of consolidated limestone than the writer 
has noted elsewhere, and form open terrace prairies. In this area the 
original cap rock of Edwards limestone, if it ever existed, has been 
removed by erosion. 

At Comanche Peak this formation encircles the base of the flat- 
topped summit, forming a well-marked bench or crown around it, and 
has a thickness of about 30 feet. (See fig. 12, p. 151.) 

The Walnut beds are well exposed in the hillside south of Johnson 
Peak, on the southern margin of the Bosque Valley. ‘They extend 
along the edge of the canyon of the river from a point west of Clifton 
to the mouth of the East Bosque. Still farther to the northeast, in the 
valley of Steele Creek, through which the Houston and Texas Central 
Railroad runs, there are on either side many buttes and mesas the 
slopes of which are made up of the Comanche Peak formation resting 
upon the Walnut clays. A section of the rocks in this vicinity has 
been already given. (See section No. 18, p. 204.) 

Between the Brazos and the Leon there are long ribbons of this 
formation running in parallel directions along the slopes of the Paluxy 
and Bosque rivers, with their many headwater tributaries which rise 
along the eastern plateau above mentioned. These belts form extensive 
tracts of land in Somervell and Bosque counties, an especially notable 
belt extending from Kimball westward to Chalk Mountain. In the 
vicinity of Walnut Springs they constitute upland prairies. The 
greatest upland development of the Walnut beds is found in southern 
Comanche and Hamilton counties, where there are broad prairies of 
the Walnut formation from which the Edwards limestone has been 
eroded, traces of it remaining as occasional small knolls. Along the 
eastern tier of Grand Prairie counties, between the Brazos and the 
Colorado, there are wide, fertile valley plains between steep outer walls 
of the Edwards limestone which are composed largely of the Walnut 
formation. These are especially notable along the Bosque between 
Walnut Springs and western McLennan County; the Leon between 
Jonesboro and Leon Junction, Coryell County; the Cowhouse between 
Pidcoke, Coryell County, and Sparta, Bell County; and the South 
- Fork of Noland River, between Copperas Cove and Belton, where there 
are extensive and fertile agricultural lands composed of this formation. 
Tn the cross sections afforded by Noland River and the Leon, the beds 
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have considerable thickness and are beautifully exposed as wide and 
fertile areas of agricultural lands. No measurements have been made 
of their thickness within this region, however. Similar but less exten- 
sive areas occur in the valleys of the eastern portion of the Lampasas 
and at the falls of the San Gabriel River. The Walnut beds form 
agricultural lands as far south as Liberty Hill, Williamson County, 
and Bertram, Burnet County. 

In northern Bell, southern Lampasas, Williamson, and Travis coun- 
ties the Walnut beds have considerable exposure in fragmentary patches 
along the slopes of the various forks of the San Gabriel and Lampasas 
rivers. In the vicinity of Bertram and Bagdad the formation con- 
stitutes areas of agricultural land and has-an estimated thickness of 
30 or 40 feet. Along the Lampasas it shows greater thickness and 
its general thickness increases from east to west, being nearly 80 


Fic. 24.—A butte near the Blanco-Trayis county line, Texas. (For explanation of lettering, see PI. 
XVI, p. 110.) 


feet at Bachelors Peak and 55 feet at Twin Sisters Peak, in western 
Lampasas County. At Bachelors Peak it shows at the base bands of 
fossiliferous limestone containing great numbers of Eizogyra texana, 
Gryphea marcoui, and Trigonia, alternating with thick layers of 
yellow, argillaceous lime marl. Above this there are 15 feet of massive 
shell agglomerate composed almost exclusively of Lizogyra texana, 
Gryphea marcoui, and occasional specimens of Schloenbachia acuto- 
carinata. Above this to the top there is a zone of chalky stratified 
limestone, representing the base of the Comanche Peak beds. 

The Walnut subdivision at the edge of the Colorado Valley west of 
Austin is from 10 to 15 feet thick. The formation is beautifully shown 
in the plateau region west of Austin. Here it makes a thin stratum of 
yellow, calcareous clay, lying below the cap rock of Edwards limestone 
and above the firm Glen Rose beds, and weathers into a flat crown- 
shaped terrace or shoulder just below the summits of the high buttes 
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and mesas. Owing to the color and barrenness of these outcrops they 
may be distinguished for many miles in the landscape. Near the west- 
ern border, to the south of the Colorado, on the Bee Caves—Burnet 
road, at the western border of the Austin quadrangle, there are fine 
exposures of the Walnut beds. 

The following section was made at the summit of one of these buttes: 


Section No. 21.—SEcTIoN AT BORDER OF BLANCO AND TRAVIS QUADRANGLES, 4 MILES 
SOUTH OF THE CoLoRADO River. 


(See fig. 24.) 
Total depth 
Thickness. | to bottom of 
stratum. 
Edwards limestone (upward continuation eroded away): 
10. Firm white limestone containing flints 1 inch thick 
which have been worked by the Indians. This is 
the lower portion of the Edwards limestone, which ee re 
is here preserved as a cap rock less than 100 square ee oo 
HOC CRU Re Capertee af rene = nin) lols Shoyeicle wie pieicisioee e 1 1 
Comanche Peak: 
MaVabicerchallkevalimestomerere secs = 2-6 ee asec eee 15 16 
8. Firm calcareo-siliceous clays containing great quanti- 
LLCS OLIN OON nGNLCRONG eee see sect a seer see 10 26 
Walnut beds: 
UL UOTALeCall ay Cee risereras 0202 Seen iste c)=24 . 25 26. 25 
6. Calcareo-arenaceous clays containing great quantities 
OF DRO VRON CERO MG AA 53306 Sade See be E Eee Beno 15 41. 25 
5. Yellow, rotten, honeycombed limestone ------.------ i 42.25 
4. Yellow clay with abundance of Hxogyra texana...---. 10 52. 25 
3. White chalky limestone band with Lvogyra texana .- - - 2 54. 25 
Ye. ivan, IMS ON SS so odor oo chore SEes see tae eee eee 2 56. 25 
1. Yellow arenaceous limestone, forming ledge. -------- - 2 58. 25 
Glen Rose beds: 
0. Top of Glen Rose beds; firm, yellow arenaceous lime- 


stone weathering into ledges. 


Total Comanche Peak beds in section ...-..-.----- | 25 
RotalmWalmutsbedsimSection:.2-..-5.. 525-2 24 --2- | 32 
Total Glen Rose beds in section.........-.-.---.-- | 280 


At Shovel Mountain, Blanco County (see section No. 22 and fig. 25), 
about 15 miles west of the above-mentioned locality, the Walnut beds 
are less than 20 feet thick, and thin out gradually if not completely 

_as they pass over the axis of the Burnet uplift in northern Gillespie 
County. 

In the Nueces section the bed is represented by only a few feet of 
clay between the top of the Glen Rose and the base of the Edwards 
limestone. 
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There can be but little doubt that the Walnut clays, in proceeding 
toward their original shore line, from the south northward in north 
Texas and from the east westward in central Texas, constantly trans- 
gress upon the higher and higher horizons at the expense of the base- 
ment occupied to the seaward by the limestones of the Edwards 
formation. Furthermore, they ultimately lose their identity interior- 
ward by merging into the Basement sands, as shown in the figures on 


Pls: LILI and LIV. 


Section No. 22.—Srcrion at SHoveL Moun7ain, Burner County, Texas. 


(See fig. 25.) 


Total depth 
Thickness. |to bottom of 


stratum. 
Fredericksburg division: Feet. Feet. 
‘7 Midwardsilim estonelee=- eae ee eee eee aaa 68 68 
16. Buff calcareo-magnesian limestone ..---------------- 20 88 
15. Soft, chalky limestone (Comanche Peak), abounding F 2 
IN LZOCUnACCONA a eee ee ee eae eee 20 108 
Trinity division: 
14. Light-gray, hard, siliceous limestone -.-.--.-..------ 5 113 
18. Light-yellow, earthy limestone of sandy texture ----. 10 123 
12), The'sames but of ajlightericolor === seee=e eee eee 10 133 
11. The same, more compact in texture _..-......--..--: 19 152 
10. Slope, with beds of yellowish, soft, coarse-grained 
limestone projecting at intervals. Some of the 
layers are more or less siliceous’. --2.---=----2-s---= 77 229 
9. Slope: 222.228 = 2.4 sate Getic See Eee eee 10 239 
8. Light-yellowish, earthy limestone appearing at inter- 
vals from slopeee: se ee eee eee 37.5 276.5 
7. Light cream-colored subcrystalline limestone ---- ---- 3 279.5 
6: Slope: 22: os cscs sess Seth ae eee ae eee eee ee 15 294.5 
5. Very similar to No. 11, but of a more granular texture- 3 297.5 
4. Light-yellow, soft, chalky limestone abounding in 
Gryphxa, Rostellaria, and Arca ....-..----.-------- 44 341.5 
3) Sammie as NOS. be ectees es pee ne ere een 7) 342. 25 
2. Light-yellowish, sandy, and compact limestone pro- 
jecting in benches from:slope - -.-------------9-=-- 69 411. 25 
1. Rough, earthy, siliceous limestone -.....------------ 5 416. 25 


CHARACTER OUTSIDE THE BLACK AND GRAND PRAIRIES. 


The argillaceous and calcareous Walnut beds gradually thin out north 
of the Trinity and south of Noland River and west of the Grand 
Prairie. To the north and west they pass into the Basement sands of 


1B. F.Shumard, Trans. Acad. Sci. St. Louis, Vol. 1, 1560, p. d59. 
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the Comanche series. To the south 
they decrease in thickness as the 
Edwards and Comanche Peak lime- 
stones increase. 

To the west of the western border 
of the Grand Prairie, across the Cen- 
tral Province, as well as to the north, 
the Walnut beds pass gradually into 
the Basement sands, the upper part 
of which throughout the area of the 
Callahan Divide and in Indian Ter- 
ritory undoubtedly represents this 
horizon. 

At Bakers Mountain, in northwest- 
ern Comanche County, the Walnut 
beds become arenaceous, consisting 
of 20 feet of indurated calcareous 
sandstone grading up into an impure 
arenaceous limestone bearing small 
Exogyra texana, Gryphea marcoui, 
Ammonites, Enallaster, Natica, and 
Cardium. ‘Yo the west, near Buffalo 
Gap, Taylor County, the Walnut 
clays are represented by less than 4 
feet of an Impure arenaceous lime- 
stone resting upon the Basement 
sands. In ie bluffs of Bitter Creek 
Valley, Nolan County (see Pl. LIV, 
fF), the Walnut clays are not litho- 
logically represented at all, the Base- 
ment sands grading up into a lime- 
stone. 

The Walnut beds are identified in 
the Castle Mountain section, Crockett 
County (see Pl. LIV, G@), by their 
characteristic fossils, occurring in 
the upper 20 feet of the Basement 
sands. In the Horse Mountain sec- 

tion (see Pl. LIV, /) there is no 
lithologic equivalent of the Walnut 
clays, but the Edwards limestone, 
which here rests directly upon the 
Basement sands, includes its fauna at 
its base. 
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Fie. 25.—Section at Shovel Mountain, Burnet 
County, Texas. (For explanation of let- 
tering, see Pl. XVI, p. 110.) 
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COMANCHE PEAK AND EDWARDS FORMATIONS.1 


EXTENT, IMPORTANCE, AND THICKNESS. 


The Walnut beds pass by insensible transition into more calcareous 
and chalky beds of the upper part of the Fredericksburg division, for 
which we shall use the general terms Comanche Peak formation and 
Edwards formation. These are the most calcareous beds in the Texas- 
Mexico region, and consist, with the exception of a few finely arena- 
ceous layers, almost exclusively of white, chalky limestones of various 
degrees of induration and alteration, sometimes accompanied by flints. 

The combined Comanche Peak and Edwards formations, while not 
everywhere the thickest, are the most conspicuous and extensive of all 
the Cretaceous rocks of the Texas region. The outcrop in its general 
area, as more fully detailed elsewhere, extends south from the Oua- 
chita Mountain front across Texas into Mexico, and from the eastern 
edge of the Grand Prairie an indefinite distance westward until it is 
buried beneath the Llano Estacado and folded up in the trans-Pecos 
Mountains, which are in part composed of it. In the area of their 
embed the combined formations are easily recognizable strata in the 
artesian-well borings. 

From a physiographic standpoint the combined Comanche Peak and 
Edwards are the most important formations in Texas, owing to the 
manner in which they dominate the configuration of an immense area. 
It is these formations which, owing to their superior hardness and 
resistance to erosion, give character to the topography of the vast areas 
of the Lampasas Cut Plain, the Edwards Plateau, and the searps of the 
Grand Prairie and portions of the Llano Estacado. 

As a whole these formations gradually increase in thickness from 
less than 20 feet on Red River to over 700 feet at the Rio Grande, and 
to still greater thicknesses in Mexico. This thickening, which is at 
the general rate of less than 2 feet to the mile, isso gradual and uni- 
form that it is nowhere locally perceptible. They are nowhere more 
than 400 feet thick north of the Colorado, 

In the extensive regions of the Edwards Plateau and Lampasas Cut 
Plain west of the Balcones fault and south of the Brazos, the dip of 
these combined formations is parallel to the surface, coincident with 
the continental slope, and they do not become embedded. Just east of 
the Balcones fault, by sudden displacement through faulting, they 


1In a previous paper the writer substituted the name Edwards formation for the paleontologic 
term ‘‘Caprina limestone”’ of Shumard. In casting up the knowledge of the limestone of the Fred- 
ericksburg division it has occurred to him that it might be better to extend the term Edwards to it 
as a whole, inasmuch as the other names used are but subdivisions of what practically constitutes an 
unbroken formation. It would be difficult, however, to find a proper substitute for the paleontologie 
name Caprina limestone, which Dr. Shumard used for a certain well-marked subdivision. In this 
paper the writer will continue to use the term Edwards limestone for the upper division of the 
great limestone formation succeeding the Walnut beds, and Comanche Peak for the lower subdivi- 
sions, where well defined. In the areas north of the Brazos the term Goodland limestone is used for 
their attenuated and consolidated continuation. 
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sink beneath the rocks of the western edge of the Black Prairie and 
are completely embedded beneath the latter region. 

It is unfortunate that no complete sections of the outcrop of the 
Edwards limestone are obtainable within the area under discussion 
south of the Brazos, where it is thickest. This is owing to the fact 
that throughout the Lampasas Cut Plain and the regions to the west 
only the basal portion of the formation is preserved on the table-lands, 
the upward portion having been destroyed by erosion, while along the 
western margin of the Black Prairie, on the downthrown side of the 
fault, where the embedment takes place, only the upper beds are 
revealed. The latter are so broken by step faults that even their total 
thickness can be obtained only by a painstaking study involving the 
identification and correlation of ill-defined paleontologic horizons in 
the various outcrops. This has been attempted at only one locality, 
ulong the breaks of the Colorado and Barton Creek west of Austin, 
the result of which is shown in Pl. XX, Y. Even this section is 
incomplete, inasmuch as it does not extend quite to the base of the 
Edwards limestone. Although the latter is preserved upon the up- 
thrown side of the fault, within a short distance there is a hiatus, rep- 
resented by erosion, which it is difficult to estimate with exactness. 

The Comanche Peak and Edwards limestones undoubtedly represent 
a deposit formed farther offshore than the Walnut formation, and 
were laid down in oceanic water, free from land sediment, as is 
attested by the absence of land débris from them and by the character 
of the remains of oceanic life forms the skeletons of which largely 
make its rock material. At whatever depths they have been deposited 
their sediments represent the deposits of the deepest and most exten- 
sive submergence of the Comanche subepoch. It is true that in the 
Glen Rose formation oceasional thin beds of chalk are met with, and 
that some of these are composed almost entirely of foraminifera; but 
such chalks usually contain a considerable percentage of clay, and 
relative to the Edwards formation the Glen Rose beds are a shallower 
formation. 

The gradual thinning out to the north and northwest of the Edwards 
and Comanche Peak limestones is by the successive passage of the 
lower layers into clays and sands of the peripheral region, as seen in 
the sections of the outlying areas of northeast New Mexico and south- 
ern Kansas. Unfortunately the denudation of these formations from 
the Central Province of northern Texas and Oklahoma, and their con- 
cealment by overlap beneath the southern portion of the Llano Esta- 
cado, prevent the positive demonstration of this fact in those regions, 
but the transition is apparent along the Callahan Divide and to the 
south of the Ouachita Mountains in the Grand Prairie region. 

The variations in thickness of the Comanche Peak and Edwards 
formations can be best understood by studying three groups of typical 
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outcrops along the line of strike. The first of these is in the northern 
border section, extending from Little River, Arkansas, westward to 
north of Marietta, Indian Territory, and having outliers in the vicinity 
of old Preston, in northern Grayson County. The outcrops forming 
the second group are of what may be called the Fort Worth type, and 
are exposed in Cooke, Wise, and Tarrant counties, between Red River 
and the Brazos. The third group extends from Comanche Peak, just 
south of the Brazos, to the Rio Grande, west of the mouth of the 
Pecos. (See Pls. XVIII, XIX.) 

In the northern border region and as far south as the Clear Fork of 
the Trinity these formations are only a comparatively thin and incon- 
spicuous bed, increasing southward from 15 to 50 feet in thickness, 
and as yet presenting none of the well-defined differentiations which 
become such marked and conspicuous features for subdivisions south- 
ward. Owing to these peculiarities in the character of the formation 
north of the Trinity, the term Goodland limestone will be employed 
for it as the representative of Comanche Peak and Edwards limestones 
inthat region. It is not until it passessouth of the Brazos at Comanche 
Peak, Hood County, that the Goodland limestone begins to show two 
well-marked and persistent subdivisions, which may be termed the 
Comanche Peak and Edwards limestones, respectively. 

The foregoing generalizations haying been stated, the three aspects 
of this limestone known as the Goodland, Comanche Peak, and Edwards 
formations can now be more intelligently described. 


GOODLAND LIMESTONE, 


CHARACTER OF THE FORMATION, 


At various places in southern Indian Territory, along the northern 
edge of the east-west belt of prairies extending from near where 
Little River crosses the Arkansas line 150 miles west to northwest of 
Marietta, Chickasaw Nation, there outcrops a thin bed of limestone, 
which, in this generally forested region of dark-colored soils and unin- 
durated rocks, is conspicuous for its whiteness and firmness, and also 
from the fact that it usually makes low bluffs or interior-facing scarps 
overlooking the southern margin of the timber-covered Basement 
sands, which make a narrow strip between it and the adjacent Ouachita 
Mountains. These scarps bend down the lateral streams which cross 
the prairie stretches. This formation is particularly well displayed 
about 2 miles north of Goodland, on the St. Louis and San Francisco 
Railroad, from which it takes its name. About 5 miles east of the 
Territory line in Arkansas this limestone finally disappears by dip 
beneath the level of Little River. 

In general, this formation consists of a white, pasty limestone, of 
dull or chalky texture and luster, certain layers of which crumble 
upon exposure into numerous fragments, generally broken in direc- 
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tions diagonal to the bedding planes. Sometimes the layers are firm 
and indurated or semicrystalline, a condition due to secondary altera- 
tion of its particles by percolation of water. These harder layers are 
susceptible of taking a high polish, under which conditions they are of 
a pearl-gray color, very similar to that of the shell marble which 
forms the entrance and stairway to the new Boston Public Library. 


DETAILS OF OCCURRENCE, 


At Goodland this limestone bed is less than 20 feet thick. It rests 
upon the top of the argillaceous Basement sands and is succeeded by 
the blue-black bituminous Kiamitia clays at the base of the Washita 
division. At this locality the rock contains many fossils, but most of 
them are so thoroughly crystallized that their identity is not easily 
determinable. Characteristic species are Hixogyra texana, Cerithium 
bosquense Shumard, and a species of ammonite which is related to the 
form recently described by Dr. Joh. Boehm as Hngonoceras hilli." 

The formation continues west across Indian Territory, everywhere 
marking the northern end of the Black Prairie. It is well exposed 
a few miles north of Caddo along the Missouri, Kansas and Texas 
Railway, near Emmet, north of Fort Washita, and 6 miles north of 
Marietta. Northwest of the latter place the formation turns south- 
east to Red River, crossing Red River into Texas near the Santa Fe 
Railway bridge north of Gainesville. 

This limestone is well exposed on the Texas side of the Red River 
Valley from a point north of Reed and near St. Jo, Montague County 
(see fig. 20), to the crossing of the river at the point above mentioned, 
and inasmall isolated area in northern Grayson County near Preston. 
In the vicinity of Elm Creek near St. Jo it is the outer scarp of the 
river valley, which is also the interior escarpment of the Grand 
Prairie, and is fully 300 feet above the rivet. From this point it fol- 
lows the southern slope of Fish Creek, Cooke County, to the east, 
gradually dipping toward the alluvial bottom. Just above Jim- 
town are fine exposures of this limestone, which caps blutis along 
the river and about 200 feet above it. About 3 miles east of Moss- 
ville the limestone begins to make a sharp bluff, which borders the 
old alluvial valley and extends up the various creeks, finally dipping 
beneath the alluvium a little west of north of Gainesville. The lime- 
stone in this region continues to be of the same general lithologic and 
paleontologic character as noted in Indian Territory, and is from 20 
to 30 feet thick. 

The erosion of Fish Creek has separated a remnant of Goodland 
limestone from the main body, which extends along the summit of the 
dividing ridge between Fish Creek and Red River, north of Marysville. 


1Ueber Ammonites pedernalis v. Buch, von Dr. Joh. Bbhm: Zeitsch. Deutsch. geol. Gesell., Berlin, 
1898, p. 189. 
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The Goodland limestone is exposed in northern Grayson County on 
Little Mineral Creek, from the edge of Blood Basin, northwest of 
Denison, to Marshalls Bluff, a point 33 miles north of Pottsboro. The 
rocks cross Red River at the upper end of Preston Bend and extend 
nearly due east down the river valley, crossing again into Indian Terri- 
tory northwest of Denison. This limestone is unusually well exposed 
at Marshalls Bluff (see fig. 26), about 2 miles south of Preston, form- 
ing the scarp rock of the Black Prairie of northern Grayson County 
and overlooking the lower-lying Indian Territory to the north (see PI. 
XVIII, A). It consists of altered chalky rock of the same character 
as that previously described, 
occurring as a ledge about 15 to 
20 feet thick, which is really 
separated in the middle by a 
thin clay seam. It is surmount- 
ed by the Kiamitia clays and 
underlain by over 100 feet of 
the Basement sands. In addi- 
tion to the fossils previously 
enumerated, the bed here con- 
tains Schloenbachia acutocari- 
nata, an irregular echinoid, 
Remondia robbinsi, Turritella 
(species), and Gryphwa marcow, 
the latter appearing sparingly 
at its base. Fine bluffs of the 
Goodland limestone are also 
shown to the south in this vicin- 
ity, near the head of Little 
eeanere ee Mineral Creek. 

Fic. 26.—Section at Marshalls Bluff, on Red River, From Red River Valley south- 
Texas. (For explanation of the lettering,see Pl. ward the Goodland limestone 
XVI, p.110.) ‘ 

is exposed along the western 
border scarf of the Grand Prairie and in the numerous inlying areas 
of the valleys of the many tributaries of the Trinity which score its 
surface. 

Each tributary flowing into the Trinity in the region of eastern 
Parker, Tarrant, Wise, and Cooke counties cuts below the Fort Worth 
limestones and Kiamitia clays, here forming the summit levels, and 
exposes the underlying Goodland limestone in low multilobed scarps. 
A clear idea of the form of these areas can be obtained only by a close 
study of the geologic map. 

There are also several inliers of the Goodland limestone in south- 
western Cooke and northwestern Wise counties. Sixteen miles west 
of Gainesville the Goodland limestone contains Remondia robhins/: 
Schloenbachia acutocarinata (very abundant), Certthium bosquense, and 
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Protocardium. The same rocks and fossils occur adjacent to the 
headwaters of Blocker, Wheat, Clear, and Denton creeks. 

At Blocker Creek, in an incised valley within the Grand Prairie, 
the limestone is about 25 feet thick, and resembles lithologically the 
Comanche Peak beds of the more southern sections. The fossil 
Gryphea marcout, which occurred sparsely at St. Jo and Marshalls 
Bluff, and which continues to increase southward, is becoming abundant 
at this locality at the base 
of the bed, indicating the 
differentiation of the Wal- 
nut formation. A species 
of Enallaster and one of 
Schloenbachiaacutocarinata 
range throughout the bed, 
and the peculiar species [e- 
mondia robbinsi occurs in its 
base. Weithea and Turri- 
tella also abound, as well as 
a species of Pholadomya. 
These limestones here rest 
upon sandy beds containing 
G. marcoui and O. crenuli- 
margo of Roemer, which 
are slightly argillaceous at 
the contact. The Walnut 
clays and Gryphea agglom- 
erates, so fully developed 
west and south, do not oc- 
cur as such in this sec- 
tion, but gradually appear 
in the sections toward De- 
catur. 

Returning to the western 
border of the Grand Prairie 4 
near St. Jo, where it turns Fie. 27—Section of Fredericksburg and Trinity divisions, 
Beret romtehe Red | echo, re, eke Grey, Texan, (eecexsianeon 
River Valley, escarpments 
of the Goodland limestone may be traced in a meandering line through 
Cooke, Denton, Wise, and western Tarrant counties until it crosses 
the Trinity River a short distance northwest of Fort Worth. Wher- 
ever a creek or river valley indents the western escarpments and 
passes into the Grand Prairie the outcrops of the Goodland limestone 
facing the valley parallel the stream to the east until the dip (which in 
this region is nearly southeast and in the direction of the flow of the 
principal streams) gradually brings them down from the summit 
level to the stream bed. In this manner the outcrop of each rock 


Goodland 
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sheet forms a V-shaped indentation into the western part of the Grand 
Prairie, the apex or point of which lies in the stream bed far east of 
the western border. The arms of the V rise to the west along the 
valley slopes until upon reaching the western border they occupy the 
divide between the valleys. 

In this manner the Goodland limestone passes from near Reed post- 
office, on Big Elm Creek, Cooke County, northwest by Forestburg, 
thence southeastward to 1 mile below Bolivar, in the bed of Clear 
Creek; thence west around and across the arm of the Grand Prairie 
divide between Clear and Denton creeks; down Denton Creek nearly to 
the Gulf, Colorado and Santa Fe Railway; then northwestward again 
up the south side of Denton Creek until it crosses the divide between it 
and Oliver Creek; thence southeastward down the north side of Oliver 
Creek to a mile or two west of Justin, Denton County; thence up 
the south side of Oliver Creek to a point north of Decatur, and across 
the divide of Oliver Creek and the Clear Fork of the Trinity, which 
it follows to a point 3 or 4 miles west of Fort Worth, and thence 
up the south side of the fork into northern Parker County, near 
Agnes. 

From St. Jo southward to Decatur the summit of the western 
escarpment of the Grand Prairie overlooking the Western Cross 
Timbers to the west is composed of the Goodland limestone. Ata 
point due south of Decatur the outcrop turns southeast, down the edge 
of the valley of the West Fork of the Trinity, and forms a marked 
escarpment in Wise County. It descends with the dip until it crosses 
the river about 6 miles northwest of Fort Worth. Between the South 
and Clear forks and the Willow and South forks there are long, irreg- 
ular, isolated remnants of the Walnut and Goodland beds. 

From Agnes, in northern Parker County, to Carter, 6 miles south- 
east, Walnut and Goodland limestones cap the narrow remnants of the 
Grand Prairie forming the watershed between the drainage basins of 
the West and Clear forks of Trinity River, and are overlapped from a 
point 2 miles north of Carter to within 6 miles of Fort Worth by a very 
irregular belt of limestones of the Washita division, which crests the 
divide between the same two branches of Trinity River. The Goodland 
and Walnut rock sheets make the slopes on each side of this divide, 
extending in very irregular crenulated belts. Where the river on either 
side bears toward the watershed the slopes become more precipitous and 
the width of the rock exposures less, but where the river extends away 
from the divide the surface is gently sloping and occupies a wide area. 

The Goodland and Walnut beds form a narrow and irregular border 
upon the south side of the valley of Clear Fork of Trinity River from 
the mouth of South Fork to within 6 miles of Fort Worth, which con- 
tracts from a width of about 2 miles at Anneta, in Parker County, toa 
point west of Fort Worth, where the rocks dip beneath the river bed. 
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From a point on the Clear Fork of the Trinity about 5 miles west 
of Fort Worth the main western border outcrops of the Goodland 
limestone follow the south side of the valley of that stream westward 
nearly to Weatherford; here they turn the angle of the Trinity-Brazos 
divide, and the formation becomes differentiable into the Comanche 
Peak and Caprina limestones, which follow the western escarpment of 
the Grand Prairie through Parker, Hood, and Johnson counties to the 
Brazos in Hill and McLennan counties. 

The incised valleys of the streams of southeastern Parker and south- 
western Tarrant counties, like Bear and Mary creeks, which lead into 
the South Fork of the Trinity from the south, also show fine exposures 
of the Goodland beds. 

This limestone, from its first occurrence where it dips beneath the 
overlying formations in Little River, Arkansas, to the Hickory Creek 
locality northwest of Marietta, does not exceed 20 feet in thickness. 
Along Red River it is about the same; near Decatur it is 33 feet thick. 
Two miles east of Benbrook, on the Texas and Pacific Railway, and 
8 miles west of Fort Worth, this limestone is 54 feet thick, and 
carries in greatest abundance the numerous and varied fauna of the 
Comanche Peak limestone of the sections farther south. 


Srcrion No. 23.—FREDERICKSBURG DIVISION. Derrarts (Arrer J. A. TArr) oF THE 
GOODLAND LIMESTONE AND THE UPPER PORTION OF THE WALNUT BEDS 2 MILES EAST 
oF BrnBrook AND ON Marys CREEK 2 MILES NORTHWEST OF BENBROOK, IN 
DESCENDING ORDER. (SEE Pu. XIX, anv ria. 31.) 


| Total depth 
Thickness. | to bottom 
of stratum. 


Goodland formation: Feet. Feet. 


16. Crumbling, chalky limestone, which contains Cylin- 
drites formosus Crag.; Enallaster texanus, Exogyra 
texana, Gryphea marcoui, Diplopodia texanum, Epi- 
aster whitei, Schloenbachia acutocarinata, S. peder- 
nalis, Epiaster elegans Crag., Trichotropis shumardi 
Crag.; Cinulia tarrantensis Crag., and Turritella seri- 
atim-granulata in the upper part. Caprina crassifibra 
was found here 4 feet below the summit of the lime- 
SUOMC Breet ters ei vf tones Se ievane is See Syne 18. 


ioe) 
fon) 


18. 16 


The upper portion of the above strata, above the 
occurrence of Hxogyra texana, represents the 
whole of the Comanche Peak and Edwards lime- 
stones at this locality. Stratigraphically, the 
parting line between the Walnut and Comanche 
Peak limestones is difficult to draw. 


lope blievarcadllaccous lumemnanli=22 9-2 22-2552 252555 -- i 19. 16 


14. White, crumbling limestone, bearing Hnallaster teaanus, 
G. pitcheri, Pecten texanus, Exogyra texana, and Exo- 
GUROMDLERO) CPAC RM man ese ne ors emcee tec ise <15 4.33 23.49 


losblueraroillaceouslimemanrl 222: .)---225---22-+5---5- 1.5 24.99 


12. Comparatively massive, soit, white limestone, the 
strata varying slightly in compactness.........---- 29.5 54. 49 


222 BLACK AND GRAND PRAIRIES, TEXAS. ° 


Secrion No. 23.—FREDERICKSBURG DIVISION, ETC.—Continued. 


] 
Total depth 


| Thickness. | to bottom 
| of stratum. 
Walnut formation: Feet. Feet. 
11. Soft, shelly limestone and blue argillaceous lime inter- | 
stratified, each stratum being 5 to 6 inches thick...) 14 68. 49 
10-sMassive limestonese oe see see ne eee 8 76. 49 
9. Blue, laminated, argillaceous lime...-..--..------.-- 10 86. 49 
8: .Compactilimestones 32 0S s eee re eee 2. 25 88. 74 
7. Shaly,arcillaceousgsimestone= sss === === ——s— ee a=ee 2.5 91. 24 
6) (Compaci limestone Sas ee sess eee ee 2.5 93. 74 
5. Compact and shaly lime in thin layers.....----.----- 2 95. 74 
4. Concealed in this section and not examined-....----- | 50 145. 74 
3. Gryphxa marcoui conglomerate, composed of layers of 
massive shell limestone and lime marl interbedded.) 15 160. 74 
2. Alternating chalky and Gryphxa limestone -..-.----- 32 192. 74 
1. Arenaceous marl, which contains G. marcoui, Exogyra > 
texana, and Sphenodiscus pedernalis .......--------- 3 195. 74 


Secrion No. 24.—Srction 2 MILES SOUTH OF PLEASANT Pornt, JoHNSON County, 
Texas (Tarr). 


Total depth 
Thickness. | to bottom 


of stratum. 
Goodland formation: Feet. Feet. 

8. Chalky white to buff limestone, varying slightly in 

hardness, and bearing numerous large Hxogyra tex- 

ana, Enallaster texranus, Lima wacoensis, Natica?, Tur- 

ritella seriatim-granulata, Schloenbachia acutocarinata, 

andl Sphenogiscus ped ennalis = ar ee eee eae 30 30 

Walnut formation: 

7. White to yellowish limestone, very much the same in 

character as that of No. 8, but no fossils found .--.-- 40 70 
6. Thin-bedded, compact, yellow limestone, bearing many 

smalliGsimancote. a. ae oe eee ee eee 10 80 
5. Whitish limestone, similar to Nos. 7 and 8.......-...-- 15 95 
4. Thin-bedded, hard, shaly limestone, bearing numerots | 

small (Gs pitcherti= So s=ccicsmn sek ete enon ne coe | 2 97 
SE eLAMeEstOMes:SImi il ae LOINO ba = aes ae ee 1h | 115 
2. Basal Gryphxa limestone, the upper 10 feet composed | 

almost entirely of fossil G. pitcheri and containing 

many Schloenbachia acutocarinata; the portion below | 

this is a crumbling limestone, which bears many G. 

Mluchen and associated tOTM Gene. eee eee ae ea 30 | ~ 145 
1. Arenaceous lime marl, which grades downward from | 

the top with increasing proportions of sand to its | 

contact withthe ealuxy,sande= esses sees eee | 15 160 
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COMANCHE PEAK LIMESTONE. 


RELATION TO GOODLAND AND EDWARDS LIMESTONES. 


From its outcrop in western Arkansas westward to Marietta, 150 miles, 
and south 100 miles to the Clear Fork of Trinity River, in the western 
part of Tarrant County, the Goodland limestone is practically a single 
indivisible formation. At and upon leaving the latter locality, how- 
ever, it begins to differentiate into mappable formations which attain 
great conspicuity southward throughout the Texas region. 

In the bed of the West Fork of Trinity River at Fort Worth, 5 miles 
west of Fort Worth, and at Benbrook Station, 10 miles west of Fort 
Worth, there is a chalky white limestone containing many of the 
typical Comanche Peak species, such as Schloenbachia acutocarinata 
and Exogyra texana, and also, as noted by the writer,’ peculiar Chem- 
nitzva occidentale of Gabb and Remondia robbins’. Vater studies and 
more exact measurements of the Benbrook locality by J. A. Taff give 
a section of the limestone bed aggregating 54.6 feet (see section, 
Pl. XIX, 4). This section shows a total of 54.6 feet of chalky limestone 
resting upon 133 feet of the Walnut beds. Here the chalky limestones 
are separated into three beds by two thin layers of blue argillaceous 
marl about 1 foot thick. The uppermost bed is 18 feet, the middle one 
4 feet, and the lower one 30 feet thick, and all are very fossiliferous. 

In the upper bed were many other fossils characteristic of the Good- 
land limestone. The middle bed is marked by an abundance of Lna/- 
laster tecana, Gryphwa marcoui, and Exogyra texana, making a pale- 
ontologic zone which is but faintly developed in the base of the Good- 
land and in the Blocker Creek section but which becomes very per- 
sistent across Texas to the south. The peculiar little fossil Hvogyra 
plexa Cragin was found in this bed by Taff, although it had not been 
noted to the southward in Texas. The lower band of limestone also 
contains many fossils. 

Within 4 feet of the top of the uppermost bed Taff found fossil 
Rudistes. This is the northernmost occurrence of these aberrant mol- 
lusks, which to the south are the distinguishing paleontologic feature 
of the Edwards limestone, which there has developed well-differentiated 
lithologic characters not observed in this section. 

It can now be said that at Benbrook the 20 feet of Goodland lime- 
stone on Red River has developed into 54 feet of limestone, in which 
are seen indications of differentiation into two distinct groups of strata, 
the lower 50 feet of which represent the Comanche Peak chalk of the 
southern sections and the other 4 feet the Edwards limestone, both of 
which will be described. 


1Am. Jour. Sci., 3d series, Vol. XX XIII, April, 1887, pp. 298-299. 
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The Comanche Peak limestone may, then, be defined as the lower 
portion of the Edwards limestone of the Texas region south of the West 
Fork of the Trinity, occurring above the Walnut clays and below the 
flint and Rudistes beds of the Edwards limestone. -Although litho- 
logically it might be considered the base of the Edwards limestone, it 
is one of the most persistent horizons of the Texas Cretaceous section 
within the area of the Grand Prairie south of paraliel 30° 30’ 

In general it may be described as a persistent bed or beds of white, 
chalky, fossiliferous limestone, which seldom, if ever, exceeds 50 feet 
in thickness. In good exposures it consists of massive beds of white, 
chalky limestone from a few feet to as muchas 20 feet thick, separated 
by faintly marked and widely separated planes of stratification, which 
are generally bordered by thin marly bands. On surfaces where it 
has undergone long disintegration it crumbles into subangular frag- 
ments and soft, limy masses, the more marly portions, as a rule, yield- 
ing more readily to erosion and forming slightly undulated surfaces. 
On weathering, the limestone adjacent to the planes of stratification 
decomposes more readily on account of water circulating more freely 
between the layers. 

The overlying Edwards limestone, being more crystalline, is firmer, 
more persistent, and offers greater resistance to erosive agents, and 
therefore stands out as a shelf or bench on the hilltops where the 
strata have been exposed to weathering, while the underlying 
Comanche Peak limestone ordinarily weathers into steep slopes. 

The Walnut beds grade up into the Comanche Peak limestone 
through a series of chalky layers, which increase in massiveness 
upward until they finally pass into a more indurated and persistent 
band of chalky limestone, making the base of the Comanche Peak, as 
above described. This transitional bed is about 20 feet thick, and is 
composed of strata 3 to 6 feet thick, in which the species Hvogyra 
tevana abound. Neither is the upper delimitation of the Comanche 
Peak clearly marked, except by the fact that it may be said to end 
where the firmer and more persistent bands of the Edwards limestone 
containing flints and Rudistes begin. In general the Comanche Peak 
formation is a more homogeneous bed of indurated chalky material 
than the underlying Walnut clays and a softer and more friable forma- 
tion than the overlying Edwards limestone. 

It is not necessary to attempt to describe all the occurrences of this 
formation, inasmuch as it is so intimately associated with the Edwards 
limestone that its general distribution, especially south of the Brazos, 
is almost coincident with the latter, outcropping in the slopes of all 
the scarps and mesas which it forms, as will be more fully described 
on a later page. 

It is usually exposed along steep slopes, especially those of the 
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numerous circular mesas of the western half of the Grand Prairie, 
and is only thinly covered by vegetation—an occasional stunted 
growth of scrub oak or scattering sedge tufts. In such cases it makes 
a conspicuous gray or white band in the landscape, which may be 
recognized miles away. Where it occupies a level plateau summit or 
bench, rich black residual soils are often found. <A typical occurrence 
under this condition is upon a part of the high divide north of San 
Gabriel River in Burnet County; aiso upon the ‘‘ flat” east of Pilot 
Knob, Burnet County. 

Continuing southward east of the Brazos with the strike from Ben- 
brook, 9 miles west of Fort Worth, to where the Brazos River crosses 
it near Greenock, Hill County, the Fredericksburg strata, which are 
here composed mostly of the Comanche Peak beds, with the thin but 
gradually thickening representatives of the Edwards at their top, 
increase rapidly in thickness until they measure 75 feet at the latter 
locality. 

The formation has its greatest development and typical exposure in 
the western half of the Lampasas Cut Plain, between the Brazos and 
the Colorado, almost coincident with the outcrops of the Edwards 
limestone to be described. 

This limestone is beautifully shown in the crown of Comanche Peak, 
Hood County (see fig. 12), where it is 30 feet thick and forms the 
steep slope leading up from a bench of the Walnut clays to the thin 
rock of Edwards limestone. This is the only remnant of this forma- 
tion preserved north of the Paluxy. 

At the south line of Hill County these rocks make the river bed and 
immediate valley of the Brazos. Northwestward to the northwest 
corner of Hill County each formation of the Fredericksburg division, 
from the top downward, rises successively from the river base. The 
Comanche Peak formation underlies the flood basin and forms the 
bluffs of the valley of Noland River from its mouth to very near 
the north line of Hill County. At many points below Blum beautiful 
bluffs of Comanche Peak and Edwards limestones rise above the river 
where it approaches the outer margin of the valley. —- 

It is more extensively preserved along the Paluxy-Bosque divide 
from the east line of Erath County to the Brazos, being well shown 
in all the mesas of the type of Chalk Mountain and the Seven Knobs 
and in the eastern portions of the stream valleys. Similar belts are 
found along all the divides and eastern valleys southward to the Colo- 
rado. It also makes the slope of all the buttes forming the main 
divide between the Colorado and Grand Prairie drainage in Comanche, 
Brown, Hamilton, Mills, Lampasas, and Burnet counties. 

Three miles northwest of Austin the Comanche Peak forms the sum- 
mit slope of Mount Barker (see Pl. XX, (), the Edwards limestone 
having been almost completely eroded. It is exposed in many other 
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localities near the summit of the Edwards Plateau in western Travis 
County. 

West of the Grand Prairie region, in tracing the rocks of the Fred- 
ericksburg division along the Callahan Divide, of which it forms the 
upper slopes, across the Central Province toward the Llano Estacado, 
one finds that the Comanche Peak rocks gradually pass into the Base- 
ment sands, and that the lower portion of the Edwards limestone group 
is more or less arenaceous. (See Pl. LIV.) 

The Comanche Peak limestone does not vary perceptibly, except in 
thickness, between the Colorado and Brazos rivers. In the Colorado 
Basin it is nearly 100 feet thick. On the Brazos River, as exposed in 
bluffs at the border of the river basin through Hill and Bosque coun- 
ties and in Comanche Peak, the thickness of the Comanche Peak varies 
from 65 to 70 feet. North of the Brazos it begins to decrease, as pre- 
viously described, as it passes into the Goodland limestone. 

PALEONTOLOGY OF COMANCHE PEAK LIMESTONE, 

The Comanche Peak formation, especially in its lower part, is very 
rich in fossils, a feature which in a degree distinguishes it from the 
overlying Edwards limestone. (See Pl. XXVII.) Dr. B. F. Shumard 
noted’ the following species as being those most frequently observed: 


Exogyra texana. Ammonites acutocarinatus. 

Grypheea marcoui. Ammonites pedernalis. 

Janira occidentalis. Scalaria texana. 

Cardium multistriatum. Phasianella tumida. 

Cardium texanum. Rostellaria (Eulima Sh.) subfusiformis. 
Cardium coloradoense. Natica pedernalis. 

Pholadomya sancti-sabze. Nerinea acus. 

Lima wacoensis. Avellana texana. 

Arcopagia texana. Turritella seriatim-granulata. 
Trigonia crenulata. Cerithium bosquense. 

Astarte lineolata. Pleurotomaria (sp. undet. ). 

Cardita eminula. Solarium (sp. undet.). 

Corbula occidentalis. Heteraster (Toxaster Roem.) texanus. 
Modiola concentrico-costellata. Holectypus planatus. 

Leda. | Cyphosoma texanum. 

Thracia. Diadema texanum. 


These are the most conspicuous and abundant species south of the 
Brazos. Taff gives the following list from the limestones near Ben- 
brook, Tarrant County, where a few species occur which have not 
been noted in the southern locality: 


Cylindrites formosus Cragin. Schloenbachia pedernalis. 
Enallaster texanus. Kpiaster elegans Cragin. 
Exogyra texana. Kpiaster whitei. 

Gryphea marcoui. Trichotropis shumardi Cragin. 
Diplopodia texanum. Cinulia tarrantensis Cragin. 
Cyprimeria crassa, in the lower part. | Pecten texanus. 
Schloenbachia acutocarinata. | Exogyra plexa Cragin. 


1 Trans. Acad. Sci. St. Louis, Vol. I, p. 585. 
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1, la, 1b. Exogyra texana Roemer 3a, 3b. Pseudodiadema texanum Roemer. 
2a, 2b. Gryphaea marcoui Hill and Vaughan 4a, 4b. Enallaster texanus Roemer 
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Exogyra texana and Lehinodermata are especially abundant in the 
basal portion of the formation, which is marked by the absence of the 
Rudistes and Reguienra species characterizing the overlying Edwards 
limestone. 


EDWARDS LIMESTONE. 


RELATIONS AND COMPOSITION, 


The Comanche Peak formation passes up without break into the 
harder and more persistent Edwards limestone. In general the two 
formations can be distinguished by the fact that while the Comanche 
Peak strata are less consolidated, are slightly argillaceous, and possess 
a more marly texture, the Edwards limestone is largely a firm, white, 
ringing limestone of great hardness and durability. The Edwards also 
weathers into cliffs, while the Comanche Peak is wrought into lower- 
lying slopes. Finally, the Edwards limestone is distinguished from 
the Comanche Peak by the occurrence in it of great quantities of flint 
nodules and certain peculiar fossils—aberrant mollusks of the genera 
Monopleura, Requienia, and Ladiolites—bivalve shells which have 
cornucopiate form, suggesting a resemblance in shape to the horns of 
cows, goats, and sheep. The line of separation must usually be drawn 
at the point of the lowest occurrence of flints and the rudistean and 
requienian forms which are so characteristic of the Edwards. ‘The 
flints disappear from the Edwards formation near its passage across 
the Brazos River, as also do all the flag@y and siliceous layers. 

Stratigraphically the Edwards limestone represents the culmination 
of the subsidence that progressed during the Comanche epoch, and 
while the beds may not represent deepest sea deposits they were laid 
down away from the shores and in clear oceanic waters, uncontami- 
nated by land débris and where great colonies of animals, such as the 
sponges and rudistes, could thrive, the chief material of the rocks 
being organically derived lime and silica. 

Where well developed, the Edwards formation shows slight variation 
in color, composition, texture, and mode of weathering. It is com- 
posed mostly of limestone, but there are some calcareous layers which 
are marly and arenaceous. Most of the beds are as nearly pure car- 
bonate of lime as can be found in nature, but some have admixtures 
of silica, epsomite, chloride of sodium, and perhaps other salts as yet 
undetermined. Clay is absent except as a minor constituent in a few 
exceptional marly layers. Iron is sparingly present as pyrites, and is 
betrayed by the red color of the clay that remains after the solution of 
the limestone. Exceedingly fine siliceous particles occur in the so- 
called ‘*magnesian beds”—light-brown, porous strata which appear in 
the formation southward from Comanche County—but no pebble, 
bowlder, lignite, or other undoubted piece of land-derived débris has 
ever been found. 
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The limestones vary in degree of induration from hard, ringing, 
durable strata to soft pulverulent chalk that crumbles in the fingers and 
resembles much the prepared article of commerce. Some of the beds 
are coarsely crystalline, with calcitized fossils, and are susceptible of 
high polish. The beds also vary in texture. Some are porous and 
pervious, while others are close-grained and impervious. Some are 
homogeneous throughout, others have hard and soft spots, the latter 
dissolving away in the percolation of underground water and producing 
what are popularly termed ‘* honeycombed” rocks. The harder spots 
in some cases seem to be in process of induration, suggesting a step in 
the formation of flints. The holes in the honeycombed layers often 
represent what were once spots containing soluble salts of iron and 
other accessory minerals. 

The formation is stratified into a succession of massive beds, aecom- 
panied by very few flaggy and marly layers. Some of the strata are 
harder than others and project beyond the softer layers in the profile 
of the hills as overhanging shelves; others are soft and erode rapidly. 


OCCURRENCE OF FLINTS IN EDWARDS LIMESTONE, 


Accompanying these chalks and chalky limestones are well-defined 
layers of flint nodules occupying apparently persistent horizons. The 
flint nodules are flat, oval, cylindric, or kidney-shaped, ranging in size 
from that of a walnut to about 1 foot in diameter. Exteriorly they 
are chalky white, resembling in general character the flint nodules of 
the English chalk cliffs. Interiorly they are of various shades from 
light opalescent to black, sometimes showing a banded structure. 
These flint nodules are beautifully displayed in situ in the Deep Eddy 
Canyon of the Colorado, above Austin, where they can be seen occu- 
pying three distinct belts in the white, chalky limestones (see PI. 
XXX). 

The partial decomposition of these flints and of the adjacent lime- 
stones has produced some striking effects in places, resulting in a 
peculiar red-colored cavernous rock composed of the siliceous pseudo- 
morphs of fossil wd/stes and other shells, the interstitial spaces glit- 
tering with minute quartz crystals which line them. 

Where the harder limestones form the summit of extensive plateaus, 
such as those of the Lampasas Cut Plain and Edwards Plateau south- 
west of Austin, the flints are sometimes left in great quantities as a 
residuum. These often cover large areas of country. The flints have 
also been transported in past geologic times by streams and are dis- 
tributed over large areas along the margin of the Black Prairie as a 
part of the post-Cretaceous gravels of that region. 

These are the only flint horizons, so far at least as is known to the 
writer, in the Cretaceous deposits of the United States. (See Pls. XXX 
and XXXI.) They occur about the middle of the Lower Cretaceous 
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series, instead of at the top of the upper series, as in England. It 
was from these flints that the ancient and modern Indians made their 
implements, and the ease of their lithologic identification will be of value 
to the anthropologist in tracing the extent of the intercourse and depre- 
dations of former Indian tribes inhabitating this region. Occasionally 
the flints, especially an opalescent variety in Comanche County, possess 
nuclei in the shape of fossils, usually Reguienia. In going south the 
flints first appear in the vicinity of Meridian, but sparingly ; they 
increase in number very rapidly to the south, being seen in great 
quantities about Belton. South of the Paluxy the formation can 
always be distinguished by the immense quantity of these flint nodules, 
which are embedded in and between the limestones, and which lie 
scattered everywhere over the surface. 


PECULIAR ALTERATION, 


Immediately west of Austin, along the downthrow of the great 
Bonnell fault in the bluffs of the Colorado, peculiar alteration takes 
place in the upper part of the Edwards formation. Occasional red 
blotches may be seen in the massive bluffs of white, chalky limestones. 
Upon closer examination the apparently nonfossiliferous limestone is 
seen to be undergoing decomposition, and as a residium there remains 
a dry, red, pulverulent dust containing exquisitely preserved calcite 
pseudomorphs of many rare fossils, such as have been recently de- 
scribed by Roemer' and White,’ which occur in this horizon.* (See 
Pl. XXXII.) 

ECONOMIC FEATURES. 

The Edwards limestone affords fine building stone and road metal. 
Ornamental marbles like the fossiliferous pearl-gray marbles of France 
and the rich cream and yellow marbles of Portugal and Algiers occur 
in great abundance, but are as yet not utilized. Nearly all of the 
more compact marbles take a good polish. The following economic 
products have also been discovered: Potash, salt, strontianite, anhy- 
drite, epsom salts, gypsum, and gold, but in quantities as yet unknown. 


RELIEF FEATURES. 


As a relief-making feature the limestone is one of the most impor- 
tant formations in Texas. In fact, it is the determining factor in 
the relief of the whole of the Grand Prairie and Edwards Plateau 
provinces. Its hardness being superior to that of the overlying and 
underlying beds, its consequent resistance to erosion has preserved it 
as the capstone of the innumerable round ‘‘ mountains” (buttes) and 
mesas of the whole Edwards Plateau and Lampasas Cut Plain, and 
especially all the high summits of the divides and mesas of the Grand 
Prairie west of the Balcones fault line, near its eastern edge. On the 


1 Paleontologische Abhandlungen, Vol. IV, pt. 4, Berlin, 1888. 
2Bull. U.S. Geol. Survey No 4, 1884. 8 Bull. Biol. Soc. Washington, Vol. VIII, 1893, p. 101. 
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downthrown side of the main or westernmost faults of the Balcones 
zone the latter becomes for a short distance the matrix of the streams, 
and in this portion of their courses, as seen at Austin, Georgetown, 
Belton, and east of Gatesville, the rocks form vertical canyons of great 
beauty. 

In these canyons the limestones, which are generally higher beds !n 
the series than those forming the cap rock of the mesas, show many 
types of weathering. Some of the strata make bold cliffs nearly 50 
feet high, the faces of which, although apparently of homogeneous 
texture, weather into small, open caverns. This weathering sometimes 
brings out a thinly laminated structure associated with white efflores- 
cence. The bottoms of caverns of this character are filled with a layer 
of white pulverulent earth. The residual products of other massive 
ledges weathering into caverns are vermilion-colored clays in which 
are beautiful fossils composed entirely of crystallized calcite. The 
hard limestones weather into vertical, square-cut bluffs, while the soft 
and more homogeneous beds of marly or chalky texture form slopes. 
Where these hard and soft beds occur in alternation there is a corre- 
sponding alternation of scarps and slopes in the topographic profile. 

The level stretches of divide between the canyons of the down- 
thrown belt are also stony—great jagged residual bowlders projecting 
through a black soil in places, while at other times the whole surface 
is made up of residual flints resembling transported gravel. This belt, 
as well as the summits of the mesas, is usually covered by an interest- 
ing and diversified hard-wood forest. 


CONTACTS OF EDWARDS LIMESTONE, 


North of the San Gabriel the top of the Edwards limestone is 
abruptly overlain by the Kiamitia clays, from which it is readily dis- 
tinguishable. South of the San Gabriel the Edwards grades into the 
overlying Georgetown formation along the Colorado region, from 
which it is not separable except by paleontologic criteria. It is true 
that the Georgetown limestone is slightly more arenaceous than the 
Edwards, but the differences are so slight that it requires the trained 
eye of the geologist to detect them. As the overlying Georgetown 
formation in this region is less than 75 feet thick, the layman or well 
driller unversed in paleontology can nearly always be sure that 
any rock occurring 75 feet below the Del Rio clays belongs to the 
combined Comanche Peak and Edwards formations. 

The eastern parting of the Edwards has not been traced from 
Oglesby in eastern Coryell County north to the Brazos. Near Oglesby 
the Fort Worth limestone is faulted down against the eastern margin 
of the Edwards. To the north it is overlapped by the Kiamitia clays 
of the Washita division. 

On Coon Creek, a short tributary of the Brazos north of Greenock, 
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Bosque County, the contact between the massive fossiliferous Edwards 
limestone and the Kiamitia clay may be seen where Caprinw cras- 
sifibra and Requienta forms mingle with Gryphwa corrugata of the 
Kiamitia clays. The occurrence of the rudistes and requienias ceases 
at the Kiamitia clays. 


OCCURRENCE AND DISTRIBUTION. 


The Edwards limestone within the Grand Prairie north of the Colo- 
rado occurs in remnantal patches throughout the region between the 
Brazos and the Colorado. These occurrences are different in aspect 
east and west of the Balcones fault line. 

On the downthrown side of the main fault line which runs just west 
of Austin, Roundrock, Georgetown, Belton, and McGregor, the upper 
strata are exposed in a narrow belt (which has been previously alluded 
to). This belt is also sheared by secondary faults on the east and is 
seldom more than 5 miles wide. Geographically this belt is the inner 
margin of the Black Prairie region. The rocks exposed in this down- 
thrown belt (usually the upper part of the Edwards formation) belong 
stratigraphically above those found in the other area. This belt is 
followed by the north-south bend of the Leon for a considerable 
distance in eastern Bell County, and may be seen in the vicinity of 
Belton, where the bed carrying O. ? munsoni is downthrown to the 
level of Noland River and the Leon. The bluffs of the Colorado 
between Austin and the east foot of Mount Bonnel are also in this belt. 

The second area of outcrop embraces all the summit region of the 
Lampasas Cut Plain, Edwards Plateau, and Callahan Divide west of 
the main Balcones fault, capping nearly all the eminences and making 
the flat-topped summits and vertical cornices of all the buttes and 
mesas, so frequently alluded to in this paper, in Travis, Bell, Burnet, 
Lampasas, Coryell, Mills, Bosque, Hamilton, Comanche, and Hood 
counties. It also makes the western scarp rock of the Grand Prairie 
from the Colorado to northern Brown County. In this relatively 
higher area only the middle and lower portions of the Edwards forma- 
tion are preserved, the upper beds, which occur in the downthrown 
belt, having been generally removed by erosion. 


DETAILS OF STRATIGRAPHY. 


Owing to the faulting along the eastern margin of the Grand Prairie, 
complete sections of this limestone are rarely obtainable north of the 
Frio. Its basal portion only is preserved on the summits west of 
the fault line, while the upper portion is exposed along a narrow 
belt on the downthrown side of the Balcones fault zone between the 
‘Colorado and the Leon in the canyons of the streams. 

The following composite section near Austin, made up from several 
localities on the downthrown side of the fault, is the most complete 
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that 


has been obtainable within the area considered in this paper. 


(See Pl. XX, P.) Even this section does not reach to the base of the 
formation. 


Srecrion No. 25.—CoMPosIrE SECTION OF THE FAULTED EDWARDS LIMESTONE ON SOUTH 


SIDE OF COLORADO RIVER, WEST OF AuSTIN, Texas. (SEE Pr. XX, D.) 


{[(a) Upper part of Edwards limestone exposed in bluffs of Barton Creek, about 1 mile above 


the bridge.] 


Edwards limestone: 


49. ‘Nodular limestone full of requieniashs=..-— aetna eee eee ee eee eee 
48. Nodular limestone, nodules as large as one’s head.___..---.....-.-- 
47. Hard, challcy limestone 222 aa ee ee ee eae 


46. Thinly laminated limestone (the so-called ‘‘lithographie flags’’) - . -- 
45. White, sublaminated, chalky limestone. The lower parts of Nos. 45 
and 46 contain many fossils, Lxogyra texana, Pholadomya knowltoni, 


44) Nodularjlimestone;morequienias == aseee = ee ee ae =e ee 
43. 1 Nodular limestone with many requienias (second requienia bed) - - - 
e.. Laminated :limestotie:) 5. 45-5 s< 4s eae cee eee Oe 

d. A series of hard limestone ledges (eight in number) separated by 

thinly laminated layers. There are some flints, about as large~as 


a man’s fist—Radiolites and O? munsoni:..-...------------------- 
c. Hlageyslayertwathi discord stints ase eee 


b. ? Hard limestone, forming a shelf along this portion of Barton Creek 
and its bottom at the bridge below, eroded into deep pot-holes. 
The lower 2 feet of this layer contains very large blue flints, often 
1 foot across. Some of them are oval, others flattened out and very 
irregular in outline. The upper part of bed contains small flints. - 
a. Limestone ledges with some flattened flints. All of the flints in this 
Sectionsbelong tolthelbluesvanictyeeee eases sees eee eee eee 
Base of a is bed of Barton Creek. 


Motalithiekress) oles bya esr lo rth tease eae 


bo Ot % 
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[(0) Deep Eddy Bluff, south of the Colorado River, west of Austin, showing downward continuation 


42. 
. Limestone ledges containing requienias. The three layers above 


of beds below 44 of (a).] 


3. Nodular limestone, with requienias at top (the second requienia bed of 


the Barton Creek section). 
him estone led ges*i. 2s esas a kee oe eee ee ee eet peewee hes 


described form a slope to the top of the hill (or bluff) above the face 
proper‘of the bluit 223s. ot co cee eerie eee ee ore nee cere 


40. Ledge of hard limestone, 10 inches above basal sheet flint. The upper 

part of the ledge contains rather small nodular flints ........--.--.-- 
39. Limestone weathering out and giving rise to a good deal of red clay, 

apparently representing the zone of calcitized fossils found in the high 

bluttalbowe Vic Gaillls Ror cl rvs eee ee a er a 
38. Massive thick ledges of limestone, detail not exposed .......-.-.------ 
3/6, Solt, wihtitearenaceo usp lim CStOMC sae eee eee ee 
36...So0ft; arenaceousiimestone sesso) ee ee eer en iner aoe eeeaeeesecee = 
35. Ledge of limestone, rather soft, emitting odor of petroleum..........--- 
34. Chalky limestone, forming little cayes, composed of a good many small 


ledges; discoidal flints at top (just level with top of dam) -......-.-- 


Ft. 


15 


1Same bed as No, 43, section 25 b. 2Same bed as No. 29, section 25 b. 
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33. Hard limestone, emitting odor of petroleum under blows of hammer. 
Texture of limestone rather mealy. Nodular flints, occasional dis- 
COIGAGMIMILS HM LOP) oa... 2s Sic ioe osama eae eee eee ees aceae 2 

32. Two thin ledges of limestone; layer of sheet flint in top -.--.--.------- 1 

Siemlbed cerotthick smassive, limestonetn 2. sanseee asa see eee teenie iaei- 5 

BO miandemvellowish: limestones 2... as. soe eee ee eee eee sce 2 

29, Hard, thick, massive ledge of siliceous limestone, ringing under blows of 
hammer. At the base there is a layer about 9 inches thick of opales- 
cent, pinkish, or browish flint. Apparently the limestone is being 
converted into flint by replacement, and the process has not yet been 
COMM ele deems eee lens Se eons We meinde sa eee es ee eee ee mom elsie ees 6 

28. Soft, chalky limestone, dissolving and forming small caves.....-------- 3 

27.. Soft, chalky limestone with very large (may be | foot long), irregularly 
cioayeerel, [evlieles sheets) Gib WO a aa e ee ae eae See enema eeo tae cea as 2 

26. White chalky limestone, apparently siliceous; zone of flint near top. 
The flints blue, discoidal, and tending to form sheet ------..--------- 6 

25. Massive ledge of hard, bluish limestone. -.-.--.--...-.-..---+----------- 7 

Hea elypiardelimestOUeereree erst tas oc ccce lees te umeasnne oe sbeceenes 0 

23. A layer of enormous blue flints, in some places over 1 foot thick... ---- 1 

22. Thick massive ledge of limestone, rather soft, yellow in color, and 
slightlyanenaceo Useeeeeee ee menish == soce acs aence dtisce as scteet cece 5 

21. Ledge of hard yellowish limestone, with a zone of flints tending to form a 
Shee atybas eater eee eee Pe eine eiessia.c( hae cree a wesc cee 1 

20. Soft, white, slightly arenaceous limestone, composed of three ledges; 
upper2 feet middle tteet lower l foots. -- 22-24-5522 -2a- scene see] 7 

19. Soft yellowish or whitish limestone, with layer of flattish, bluish flints 
forming a sheet at top. This is really three ledges: Upper ledge, with 
flints at top, 2 feet; middle, containing concretions of calcite in lower 
part, 4 feet; lower ledge, exposed at low water, 1 foot --.............- 7 

NotalyDeepnbd diyasechonia-mas oe ae ao cisee eS slaee sie ne 121 

[(¢) Bluff at the mouth of Bee Creek, showing downward continuation of (ab) below No. 22. 
Ft. 

mumestonetslopey detaullnotexposedua sete eee assess sess ee sansa cee 11 

Zee UAV CLO MeN ORMOUSH OMe wis esa eee ee ee eee eee eee ee 1 

Z2PeATENACCOUS IMMESTOMG! ss yeas ee Ree eg ens eee esas es 5 

21. Hard yellowish limestone with sheet flint at base ......----------.-.-- 1 


20. 


19s 


18. 


17. 
16. 
15. 


14. 
13. 


12. 
il, 


~ Ft. 


Yellowish, rather hard limestone, somewhat siliceous; thin band of 
chalky limestone at top; calcite concretions near base.-...--------.- 6 

Sheet flint at top (sheet flint at top of lowest ledge of Deep Eddy Bluif) ; 
three ledges of limestone: upper, 1 foot; middle, 2 feet 6 inches; lower 


(Containmnpyealeiterconcretions)haneebasnaee sates. nes ce sss c= 55-22 6 
Sandy limestone, with two zones of nodular flint near middle; sheet flint 

at base; mass of requienias just above the sheet flint .......-.--..--- 10 
Soft, yellow, calcareous sandstone, a part of the preceding ledge, about. 3 
iellowachentyalimestouemaboutes- ee -eee aaa esas ea -5 ee nee leon cee 0 
Three or four ledges of rather soit, whitish or yellowish limestone; the 

upper ledge containing a great mass of requienias, the others fewer... 8 
Solid white limestone, granular, not very hard; contains a great many 

ROG (CMSA WEP UOY co docosdSes senee mc e Cone oe ere 6 
hiellowsanenaccousiimestoneser rere tas na heen sete rte. se asec ones 4 
Blotchedkarenaceouspimestonemee tere serene s sce teen ase eee ee 3 
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10. 


Hard, yellowish, granular limestone, with shell fragments, gray on fresh 
exposure |. -..o2 $20 12622 Joes eee 
Soft, yellow, arenaceous limestone or calcareous sandstone. .-...------- 
Ledge of nonindurated granular limestone, with indurated blotches, 
which) are’ structureless ‘and flinty looking oee eee eee ee 


. Ledge of white, rather soft limestone, with many very irregularly shaped 


flints in a zone about the middle of the ledge. The flints are mostly 
small, bluish in color, and do not show concentric banding. About-- 


). Ledge of white, rather soft limestone; no flints; a few fragmentary 


fossils... eos is shee a ee a ee er 
A soft arenaceous ledge. The lower 1 foot 10 inches is a subledge. In 
the upper part (near top) are concretionary bodies that in their form 
resemble flints, but are not flints in texture... These bodies are hard, 
apparently siliceous, and contain white blotches, some of which appear 
to bevoftoramimiferal orion = yee ae es =e 


. Hard limestone, whitish or bluish, without flint; not fossiliferous- -_- ~~ 
. Arenaceous limestone; has a tendency to lamination, but in the ledge 


the laminated character is not always evident. The upper part of the 
ledge by solution becomes porous. The rock has a considerable ab- 
sorbent power for water, and has a dark (wet) appearance, due to water 
contained: .\3.j3 28 Sos Suis Ee ene ee ire a 


. Thick ledge of white limestone, not very hard, oxidizing yellow from 


contained iron. Contains a large number of irregularly shaped flint 
nodules. These may be as much as 1 foot long, but usually are rather 
small—3 or 4 inches in length. They are bluish in color and have a 
concentrically grained structure, resembling the graining of pine wood. 
Their long axes are not always parallel to the bedding planes of the 
limestone, an important exception to the usual position of the flints 
relative to the stratification of the limestone .-...-.----.------------ 


. Ledge of yellowish or whitish limestone, without flints. In a thin layer 


about 6 inches thick at the top of this ledge there are an enormous 
mumiber of Requrenvateron dean = sei sees eee ee 


. Base concealed by embed. 


Total, Bee‘ Greek section ss2e5- es ses bee nee eee eee 


bo 


Or 


We) 


The total thickness of the partial section of the Edwards limestone on down- 
thrown side of Balcones fault in the vicinity of Austin,as determined from the 
foregoing sections, is as follows: 


(a 


Ve BluiivonsBartoni Creeks bedsi49)t0 43 = eee ee eer ee 


(b) Deep, Eddy, Bluit}bedsi42) to) 24) => Saas eee eee See aa ee 
(@) Blut atimouthriof Bee Creek beds 23ntoy See = eee ee eee 


hills. 
the west of Bull Creek. 


Ft. 
29 


99 


Grand totale ste ee an ate ee eee Be saa el : 


In. 


11 


The base of the limestone is exposed to the west of the fault line and 


on the upthrown side upon the summits of Mount Barker and other 
(See Pl. XX, C.) Over 50 feet of this are seen on the divide to 
Inasmuch as this has probably been reduced 


in thickness by erosion, we can without exaggeration add 75 feet to 
the section above given, which would give a total of 300 feet of Edwards 
limestone beneath Austin. 
Mr. J. A. Taff has presented a composite section of the Edwards 
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limestone on the downthrown side of the Balcones fault as exposed 
from the station at Georgetown to a point 6 miles northwest of the 
town, where it is abruptly cut off and concealed by the Balcones fault, 
and in the blufis of Brushy Creek west of Round Rock. His observa- 
tions are given below in full, with slight editorial changes, as they 
form an important contribution to the details of these beds. 


CoMPOSITE SECTION NEAR GEORGETOWN, TEXAS. 


1. The massive layers of the Comanche Peak bed are succeeded by thick bands of 
limestone, varying but little from them in general appearance, except that some 
of them weather into a porous, honeycombed rock constituting what is locally 
known as the ‘‘bored limestone.’? Upon a close examination prints and casts of 
Rudistes, Caprina crassifibra, and Caprina sp.ind. may be seen in the limestone. 
This is the first appearance of the Rudistes and Requienia fauna. This horizon 

has a thickness of nearly 20 feet. 

2. Succeeding these heavy bands of limestone are hard, siliceous limestone strata from 
3 to 5 feet thick. Where this rock is freshly fractured it has the appearance ofa 
hard, crystalline limestone; upon weathering, however, fine, clear grains of quartz 
sand appear on the surface. Intermediate between some of these layers of lime- 
stone are thin bands of fossiliferous, indurated, flinty limestone, resembling 
quartzite. These flinty layers contain many shell fragments, minute gasteropods, 
and Golitic grains. Upon weathering these fossils stand in relief on the face of 
the flagstone. This subdivision is 35 feet thick. 

3. Next in order of succession are heayy strata of limestone. At the base and top of 
these beds are disconnected bands of large, oval, agaty flints, white to light blue 
in color. Some of these flints contain cavities lined with beautiful limpid quartz 
crystals. Some of the limestone layers are quite siliceous, especially those imme- 
diately surrounding the flints. These beds are about 25 feet thick. 

4. A belt of limestone overlies the agaty flint zone. In this there is very much brown 
flint in nodular bands, which are not continuous. In one locality the flints 
may be observed in the form of a solid belt of flint-like flagstone, while in 
another place they are either absent or occur as nodules. A horizon of Requi- 
enia texana occurs in the upper portion of this flinty belt. The requienias may 
be seen upon the surface inclosed in the flint nodules. This subdivision is 
nearly 25 feet thick. 

5. Chalky limestone in thick, massive strata next occurs. In the excellent exposures 
of the Edwards bed in the bluffs of Barton Creek south of Austin this limestone 
belt contains layers of decomposing limestone which are crowded with most 
beautiful translucent calcified fossils of Requienia corals, gasteropods, and bivalves. 
Their preservation is unique, showing every marking, and in beauty they equal 
living species. These fossils were not seen in the section on Brushy Creek near 
Round Rock. On Barton Creek a band of black flint nodules which is appar- 
ently absent here occurs immediately above this fossiliferous horizon. Thickness, 
15 feet. 

6. Dull-blue limestone follows upon the massive limestone. In this there are many 
Caprina crassifibra and Requienia sp. ind. Three feet. 

7. The succeeding strata are of light-blue and white limestone, containing great num- 
bers of the species termed Ostrea munsoni Hill, or Hippurites flabellifera Cragin. 
(This bed is No. 43 of the Austin section). The latter fossil is so abundant 
along the banks and bluffs of Barton Creek that it is not possible to collect a 
fragment of one fossil from the rock without the destruction of others. I» the 
section on Brushy Creek black flints occur 27 feet below the summit of the 
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Edwards limestone. Where these appear the rock is chalky and in massive beds. 
The flints occur in the massive beds and between the strata, as broken bands 
and lens-like nodules. These black flints, from their lower to their upper 
limits, have a range of 23 feet. This limestone includes the base of the black- 
flint belt. As far as known there are about 13 feet of barren limestone above the 
Ostrea ? munsoni zone. 

8. Indurated, hard, thick-bedded limestone, which contains Requienia fossils. This 
much resembles another Requienia limestone which occurs near the summit of 
the Edwards limestone. Seven feet. 

9. Beds of yellow, chalky limestone (equivalent to No. 45 of the Austin section). 
Exogyra tecana occurs in this limestone—a reappearance of this species, which 
has not been seen since its occurrence at the base of the Fredericksburg divis- 
ion, nearly 250 feet beneath this horizon. It is not known to exist in higher 
beds. As these beds are ascended from the medial portion the limestone is 
observed to become purer and more chalky in texture, until very near their 
summit strata are found which are almost pure lime, friable and of chalky white- 
ness. A specimen of a stratum of limestone 2 to 4 feet thick, just above the 
final occurrence of the black flint, showed upon analysis 98 per cent of carbon- 
ate of line. Eight feet. 

10. The chalky layers grade up into the thinner dimension layers (No. 46 of the 
Austin section). In Brushy Creek at Round Rock, where a representative section 
is exposed, the bed begins at the base with a ledge of siliceous limestone 2 inches 
thick. This is succeeded by about 1 inch of semicrystalline, odlitic-like lime- 
stone. Above this ledge there occur flaggy layers some of which are almost 
chalky, while others are erystalline and finely odlitic (granular). From 
the middle to the top of the bed the rocks are more flaggy in nature. There are 
indications, almost throughout the bed, of shallow-water action, in the granular 
lime and in the wavy lines upon the laminated layers. Ripple marks occur 
upon some of the flagstones, though they are nearly pure lime. The nature of 
the flagstones in this respect points to a history of shallow water at sea beyond 
the reach of near-shore deposits. They are practically barren of fossils, small 
fragments of shells only having been seen in them. Their aggregate thickness - 
at this locality and on the Colorado River west of Austin is nearly 10 feet. 

11. The upper Requienia beds or Austin marble (No. 49 cf the Austin section), as it 
occurs on Brushy Creek at Round Rock and at other points along the line of the 
great fault, is a white, nearly pure limestone composed almost wholly of a calci- 
fied agglomerate of Rudistes and Requienias. This is the final bed of Caprina 
and Requienia. They have not been observed above this zone of their greatest 
abundance in the Comanche series. The limits of Requienia are clearly defined 
by the occurrence of the fossils contained in it and by the character of the rock. 
Its chalky whiteness, as it occurs at Round Rock, is a contrast to the dull-blue 
flagstones below and to the Kiamitia and Fort Worth limestone above. This 
bed is about 6 feet thick. The rocks of this bed are involved in the disturbance 
incident to the great fault along the line of their outcrop. Hence in but few 
localities has it been possible to study them satisfactorily. In the valley of the 
San Gabriel they have been totally concealed by the downthrow of the fault. 


The total thickness of the Edwards limestone described in this section 
by Mr. Taff is 188 feet. The writer is inclined to believe that, owing 
to difficulties in connecting the outcrops, this thickness is underesti- 
mated by at least 40 feet. 

Northward from the Colorado River in Trayis County the variable, 
arenaceous, flinty strata of the upper part of the Edwards limestone 
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thin out and become more chalky, and finally lose their hard and sandy 
character as the immediate valley of Brazos River is approached. 

The Edwards limestone on Brazos River in McLennan, Hill, and 
Bosque counties is composed of homogeneous strata with little varia- 
tion, ranging in thickness along the river basin from east to west from 
10 te 33 feet. Fossil Reguienia and Rudistes occur throughout, but 
are not very abundant. At the summit there is a narrow band of lime- 
stone bearing Caprina crassifibra and associated forms en masse. The 
horizon of Requienias crops out in the bluffs of the Brazos opposite 
Greenock, Bosque County, in the base of Coon Creek, in the bluffs of 
Rocky Creek north of Greenock, in the low bluffs at the edge of the 
Brazos River basin east of Towash, Hill County, and in the bluffs of 
Nolands River from its mouth to a point 4 miles above Blum, Johnson 
County. 

In the valley of the Clear Fork of Trinity River, as seen 2 miles 
east of Benbrook in Tarrant County, and as described on a previous 
page, the whole of the Edwards (Goodland) limestone, representing 
the combined Comanche Peak and Edwards formations, is 54 feet 
thick. North of the Texas and Pacific Railway Caprina and Requienta 
do not occur in the limestone and the subdivisions lose their identity, 
merging into the consolidated and attenuated formation previously 
described as the Goodland limestone. No fossils, Caprina or Requie- 
nia, have been found north of the Trinity River Valley; yet there 
ean be little doubt that the same strata as the Goodland limestone, 
though greatly diminished in thickness, extend even beyond Red 
River, passing into the basal clays and sands of southern Kansas. 


THICKNESS, AND VARIATION. THEREOF, 


The Edwards limestone decreases from 600 feet on the Rio Grande 
to 4 feet on the Trinity. At Austin it is estimated to be 300 feet 
thick. 

In the valley of the San Gabriel, in Williamson County, 186 feet of 
strata have been measured. On Brazos River its thickness is less than 
30 feet, making a decrease of at least 130 feet in 100 miles. Continu- 
ing north, it grows still less, until at Trinity River it is not more than 
4 feet thick. 

The basal portions of the Edwards formation, which is preserved 
as the cap rock of the buttes throughout the Lampasas Cut Plain and 
Central Province (see Pls. LIII and LIV), are of remarkable similarity 
so far as studied. On some of these mesas the cap rock is thicker than 
on others. 

In the double summits of Comanche Peak, Hood County, which is 
the type locality from which Shumard first described the Edwards and 
Comanche Peak formations (see section No. 18, and fig. 12), an excel- 
lent exposure of the Edwards limestone may be seen. 
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The summit of the smaller butte, which is a flat mesa a square mile 
in area, consists of about 35 feet of the Edwards limestone, composed of 
hard layers of white limestone from 3 inches to 10 feet thick. Within 
3 feet of the exact summit the bed containing Pad/olites davidson? and 
O. munsoni occurs—apparently identical in composition and general 
character with the same bed exposed in Barton Creek at Austin, 160 
miles south, and at Belton and other intervening points. Below this 
is a massive bed nearly 15 feet thick, which forms the scarp of the 
mountain. In the buttes to the south, as the formation thickens, the 
details of the beds vary considerably. 

The following thicknesses of the undifferentiated Edwards cap rock 
(Comanche Peak and Caprina) upon some of the mesas of the Lampasas 
Cut Plain have been noted. One-half of this thickness may be of the 
Comanche Peak formation: West edge of Grand Prairie scarp and Cal- 
lahan Divide, southeast Burnet County, 70 feet; Travis Peak, Burnet 
County, 20 feet (all Comanche Peak); western Lampasas County, Twin 
Sisters Peak, 60 feet; Round Mountain, 100 feet; Santa Anna Moun- 
tain, Coleman County, 50 feet. At Baker Mountain, in “northwest 
Comanche County, the Edwards limestone is 110 feet thick. At Buf- 
falo Gap, Taylor County, the Edwards and Comanche Peak formations 
are 130 feet thick, the upper 20 feet being Edwards. In the Horse 
Mountain section a lower subdivision of 100 feet of chalky limestone 
of the Comanche Peak character is capped by 60 feet of more massive 
limestone bearing bands of large flint nodules. 

The bluffs of Bitter Creek Valley, Nolan County, are surmounted 
by 35 feet of limestone, the lower 20 feet of which are chalky. These 
are only the remnant of the base of the Edwards formation, for they 
are here overlain by the Plains formation of Tertiary or Pleistocene 
conglomerates and marls. 

The Edwards formation is represented at Church Mountain, Run- 
nels County (see Pl LI, (@), by 155 feet of limestone, the lower 
80 feet of which are of the chalky Comanche Peak character and the 
upper 25 feet of which contain flint nodules in great quantities. 

At Castle Mountain, Crockett County (see Pl. LITT, A), the Edwards 
limestone makes a cap rock 40 feet thick, and this is arenaceous at the 
base. 

Within the main area of the Lampasas Cut Plain some of the numer- 
ous summits show the following remnantal thicknesses: Divide of 
Bull and Sandy creeks, Travis County, 60 feet; Mount Barker, Travis 
County, 75 feet; Johnsons Peak, Bosque County (see fig. 48), 60 feet; 
divide south of Walnut, Bosque County (see fig. 12), Comanche Peak, 
66, Edwards 33—total, 99 feet; Round Mountain, Comanche County 
(see fig. 23), 100 feet; Bachelors Peak, Lampasas County, 60 feet; 
Pilot Knob, Williamson County, 60 feet. 
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CHARACTERISTIC FOSSILS OF THE EOWARDS LIMESTONE, 


1. Requienia patigiata White. 3. Monopleura pinguiscula White 
2. Monopleura marcida White. 4. Radiolites davidsoni Hill. 


5, 5a. Ostrea munsoni Hill. 
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PALEONTOLOGY. 


Paleontologically the Edwards limestone presents many features of 
interest (see Pl. X XXIII). The abundant faunas of ordinary mol- 
lusean and oyster agglomerates which mark the base of the Fredericks- 
burg division temporarily disappear at the base of the Edwards 
limestone, which is made up of oceanic débris, especially sponges, the 
remains of which are the flints, and colonies of Reguienia and Rudis- 
tes, which must have thrived at times upon this sea floor as abundantly 
as do the reef-building corals which so thickly abound in certain parts 
of the ocean to-day. The Reguienia and Rudistes in places form vast 
agglomerates, as seen in the two Requienia limestones, Nos. 43 and 
49 of the Austin section (Pl. XX, /’), which have thousands of square 
miles of extent. 

In the more complete southern sections, notably at Austin, fossil- 
iferous zones are more numerous in the beds, most of which are made 
up of the 2udistes and Requienia types. In the upper part of the 
beds is a conspicuous horizon of softer, chalky rock (No. 45 of the 
Austin section) bearing a varied molluscan fauna, including Livogyra 
texana and Pholadomya knowlton?, which indicates a slight change in 
environment and suggests a recurrence of the conditions that pre- 
vailed in the Comanche Peak subepoch. There is another conspicuous 
bed just below the above (No. 45 of the Austin section), which to all 
appearances is a thoroughly homogeneous chalky limestone, but which 
upon atmospheric alteration yields a most abundant fauna of small 
forms preserved as calcite pseudomerphs, a partial list of which will 
presently be given. 

Near the top of the formation is a persistent fossiliferous bed com- 
posed of Ruadiolites davidsoni and a peculiar organism described by 
the writer as Ostrea munsoni, but which may prove to be some unex- 
plained portion of the radiolitean anatomy. These fossils occur 
thickly together in a pure white limestone. 

In Frio County agglomerates of Gryphwa mucronata occur in the 
lower part of the Edwards limestone, which may represent in that 
region the time represented farther north by the Walnut beds. 

As a whole this fauna is an upward continuation of that of the 
Comanche Peak beds, many species of which continue with constant 
variation into the Washita division. It differs from it principally as 
the various faunas at greater or less depth or in water more or less 
turbid may be seen differing along the ocean slopes and sedimentary 
basins of to-day, in association or preponderance of particular species 
under certain conditions. 

In these beds we have the best-known development of the aberrant 
Chamide and Rudistes of this country. They contain all the species 
oi these families known to occur in the Cretaceous of the United 
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States, with two exceptions— Coralliochama of California and large 
forms like Rad/olites austinensis, so common in the equivalents of 
the Colorado group of the Upper Cretaceous in the Alabama, Texas, 
and Colorado regions. 

This group is in need of complete revision. The following species 
have been noted, many of which are synonyms: 


Diceras (sp. undet.) Roemer. Caprina crassifibra Roemer. 

Requienia bicornis Meek. Caprina guadalupze Roemer. 

Requienia patagiata White. Caprina planata Conrad. 

Requienia texana Roemer. Caprina occidentalis Conrad. 
Monopleura marcida White. Caprina texana Roemer. 

Monopleura subtriquetra Roemer. Plagioptychus (?) cordatus Roemer. 
Monopleura pinguiscula White. Radiolites (Hippurites) texanus Roemer. 
Monopleura texana Roemer. Radiolites davidsoni Hill. 


Ichthyosarcolithes anguis Roemer. 


Like all the other faunas of the Texas region, that of the Edwards 
limestone needs careful revision and study. Following is a partial 
list of the species which have been observed from the upper part of 
the Edwards limestone beds at Austin, Texas: 


Parasmilia austinensis Roemer. Nerinea subula Roemer. 

Pleurocora texana Roemer. Glauconia (?). 

Pleurocora coalescens Roemer. Cerithium obliterato-granosum Roemer. 
Cladophyllia furcifera Roemer. Cerithium austinense Roemer. 
Coelosmilia americana Roemer. Trochus texanus Roemer. 

Holectypus Roemer. Solarium planorbis Roemer. 

Pileolus. Natica (Amauropsis) avellana Roemer. 
Chrysostoma. Requienia patagiata C. A. White. 
Helicocryptus or Adeorbis. Monopleura marcida C. A. White. 
Ziziphinus (Calliostoma). Monopleura pinguiscula C. A. White. 
Nerinea austinensis Roemer. Lucina acute-lineolata Roemer. 
Nerinea cultrispira Roemer. Requienia patagiata C. A. White. 


The following forms are of more common occurrence: 


Ostrea munsoni Hill. Monopleura marcida C. A. White. 
Radiolites texana Roemer. Ammonites (Buchiceras) pedernalis yon 
Radiolites dayidsoni Hill. Buch. 

tequienia texana Roemer. Ammonites (Schloenbachia) acutocari- 
Ichthyosarcolithes anguis Roemer. natus Shumard, 


WASHITA DIVISION. 
GENERAL FEATURES AND RELATIONS. 


The Washita division has been defined as the uppermost of the three 
stratigraphic groups of the Comanche series. It is composed essen- 
tialty of sediments Jaid down in a shallowing sea accompanying a 
regional uplift which followed the subsidence of earlier Comanche 
time. The Fredericksburg division ceases everywhere throughout its 
extent with the purer limestones of the Edwards formation. These 
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limestones represent the deposition of the deepest waters of the 
Comanche epoch and the culmination of the subsidence which had 
been progressing since the beginning of Cretaceous time. The suc- 
ceeding sediments of the Washita division within the East-Central 
Province are all of a less purely calcareous, argillaceous, or arenaceous 
nature. 

From the northern edge of the Grand Prairie in southern Indian 
Territory to the Rio Grande, 375 miles, the Edwards limestone is 
rather abruptly succeeded without stratigraphic break by the sedi- 
ments of the Washita division, which includes laminated calcareous 
clays and alternations of stratified limestones which progressively 
become more mixed and impure in ascending series (see Pls. XVIII, 
XIX, and XX). 

From Williamson County north for 250 miles the parting between 
the divisions is easily distinguishable, owing to the presence of a clay 
formation at the base of the Washita which abruptly succeeds the firm 
limestones of the Fredericksburg. South of Williamson County there 
is no easily recognizable parting between the two divisions, inasmuch 
as both the top of the Fredericksburg and the base of the Washita 
divisions are white limestone differing from each other only in minute 
details, such as the presence of slight impurities in the latter, consist- 
ing of an appreciable amount of sand in the limestone, a little pyrites, 
and a difference in the species of included fossils. 


VARIATIONS IN THICKNESS AND IN SEDIMENTATION, 


The beds of the Washita division in general are more varied in 
composition, of greater thickness, and more closely resemble shallow- 
water deposits toward the northern border region, extensive forma- 
tions of ferruginous sands and bituminous clays occurring in that 
direction, which cease to the south. In general the strata of the 
Washita division, as a whole, become more calcareous to the south, 
but even this r-le has its exceptions. 

As a whole, ine group decreases from about 400 feet in the Denison 
seetion on Red River to less than 175 feet in the Austin section, on the 
Colorado. This loss in thickness of the Washita division to the south 
is compensated for by a corresponding gain in that direction in the 
thickness of the Edwards limestone of the Fredericksburg division, so 
that the thickness of the Comanche series in its entirety is not impaired 
thereby. 

The individual indurated beds of the Washita division seldom exceed 
a foot or two in thickness. The strata rarely extend through a hun- 
dred vertical feet without conspicuous lithologic or faunal changes. 
These individual beds are remarkably persistent in horizontal exten- 
sion, especially when they are studied in large local areas, preserving 
their lithologic and paleontologic characters without any perceptible 
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change for great distances. When the beds are traced through long 
distances, such as Texas provides, gradual important changes may be 
noted which can be appreciated only by comparison of widely sepa- 
rated minute local sections. What is a conspicuous clay formation in 
the Red River section may become a limestone when traced 300 miles 
south to the Colorado, or a formation which is a limestone upon Red 
River may be a clay on the Colorado. 

Owing to these gradual changes in the character of the rocks the 
sections of the Washita division at the extreme ends of the area treated 
in this paper, as exemplified in the Denison and Austin sections, pre- 
sent entirely different lithological aspects and sequences, the relations 
of which would not be traceable were it not for the existence of certain 
well-determined paleontologic zones which persist regardless of the 
lithologic changes. 

The beds of the Washita division are mostly impervious and non- 
water bearing, except a portion of its uppermost beds (the Denison 
beds), which for practical water purposes are classified with the Wood- 
bine reservoir as reservoir x'. (See explanation of artesian reservoirs, 
p. 420 et seq.) It is important to be able to recognize the rocks of 
this division, however, for by them the depth and flow can be esti- 
mated with certainty. 


ORIGINAL SHORE LINE OF THE WASHITA SEDIMENTS. 


The original limit of deposition, or ancient shore line, of the 
Washita division in the Red River region was undoubtedly the adja- 
cent Ouachita Mountain system as far west as the ninety-ninth merid- 
ian. Outcrops of the beds in the outlying areas of southern Kansas, 
Oklahoma, and northeast New Mexico indicate that the sea in the 
Washita subepoch extended to those localities. The western shore 
line of the beds is as yet unknown, for over the Central Province 
they have been largely eroded away, and the eastern New Mexico 
region, where this boundary should be expected, has not been recon- 
noitered. Although in general stripped from above the remnantal 
summits of the Edwards peneplain, patches of the Washita rocks are 
preserved at places on the summit of the Edwards Plateau as far west 
as the Pecos at the northwest corner of the Llano Estacado in New 
Mexico, and in the mountainous areas of the trans-Pecos region as 
far west as northern Sonora. 


GENERAL OCCURRENCE. 
The Washita division has its typical and largest areal development 


within the East-Central Province, along the eastern margin of the 
Grand Prairie in southern Indian Territory and Texas north of the 
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Colorado, in southern Choctaw and Chickasaw nations of Indian Ter- 


ritory, and in Grayson, Cooke, Tarrant, and 
Johnson counties of northern Texas, where it is 
the predominant formation, underlying wide areas 
of prairie land which have been described as dip 
plains. (See fig. 28.) 

The extent of the beds of the Washita division 
within the immediate region of the East-Central 
Province is shown on the map. They commence 
exactly upon the boundary line of Choctaw Nation 
and Arkansas, where Little River crosses the line. 
Two or three miles west they occur as small spots 
of prairie in that densely forested region. These 
prairies of the Washita increase in area to the west, 
in southern Indian Territory, until north of Deni- 
son and Gainesville, Texas, they are the prevail- 
ing topographic feature. They then turn south 
through Texas and extend to the San Gabriel, 
near the Colorado. They make a large part of 
the prairie regions (the Fort Worth prairie) of 
Cooke, Denton, Wise, Tarrant, Johnson, Bosque, 
and Williamson counties. Southwestward from 
the San Gabriel to the Trans-Pecos Mountains the 
Washita beds do not form extensive areal out- 
crops, owing to the great Balcones fault, which 
has cut them off in that region. They appear in 
the Cordilleran region of Trans-Pecos Texas and 
Mexico, as has been previously shown. 

North of the Brazos the outcrop of the rocks of 
the Washita division constitutes all the upland 
surface of the Grand Prairie between the East- 
ern Cross Timbers and the western escarpment. 
Their outcrop narrows somewhat in Johnson and 
McLennan counties, between the Brazos and the 
Eastern Cross Timbers, but widens again in western 
McLennan County over an irregular area, as shown 
on the map, in southern Bosque and northern 
Coryell counties. South of where the Leon makes 
the great southern bend in Coryell County to the 
Colorado, and on to the Pecos, the outcrop narrows 
again and occupies only a ribbon of country on the 
downthrown side of the Balcones fault, between it 
and the Eagle Ford prairies. In one place from 
just north of Austin to south of Round Rock it is 
entirely cut out by this faulting, the lower beds of 
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the Upper Cretaceous completely overlapping it and abutting against 
the Edwards limestone and Glen Rose beds of the Balcones escarpment. 

These beds have been entirely stripped from the summit of the 
Lampasas Cut Plain, although fragments are preserved in small areas 
on the Edwards Plateau in Edwards County and to the west. 

The details of the occurrence of the rocks of the Washita division 
in the regions to the west of the Grand Prairie and Edwards Plateau 
in Kansas, Trans-Pecos Texas, New Mexico, and Indian Territory, 
have been published by the writer and others in various papers upon 
the outlying areas of the Comanche series." 


CLASSIFICATION AND VARIATION OF THE FORMATIONS. 


The Washita division presents several well-defined mappable units— 
eight, for instance, along Red River, and only three at Austin, on the 
Colorado. 

In the region of its typical development as seen in the Red River 
section (see Pl. XVIII, A, and fig. 29) there are eight broad sub- 
divisions: (1) Basement beds of bituminous clays rather abruptly suc- 
ceeding the Edwards limestone; (2) beds of white, arenaceous, chalky 
limestone alternating with maris, which terminate with (3) a con- 
spicuous limestone formation; (4) a group of beds of marls and shell 
conglomerates; (5 and 6) two groups of clays and sands separated by 
limestone, (7) an upper limestone, and (8) an uppermost lime marl. 

These subdivisions, which are locally still further subdivided into 
conspicuous beds, may be named the Kiamitia, Duck Creek, Fort 
Worth, Denton, Weno, Pawpaw, Main Street, and Grayson beds. 
To the south, in the Colorado sections, only three lithologic mem- 
bers are recognizable—the Georgetown limestone, Del Rio clays, 
and Buda limestones. Each of these formations, although pos- 
sessing very marked and important features in particular localities, 
loses its identity when traced through long distances, by coalescing 
with other formations. In order to preserve the affinities of these 
coalesced subdivisions and to avoid confusion that may arise in dis- 
cussing the broader correlation features, the writer has used certain 
collective names, such as (beginning with the lowest) the Preston beds 
for the combined Kiamitia and Duck Creek formations, and the Deni- 
son beds for the Denton, Weno, Pawpaw, Main Street, and Grayson 
formations. Group names of this character are used merely as con- 


1OQutlying areas of the Comanche series, by R. T. Hill; Am. Jour. Sci., 3d ser., Vol. L, 1895, pp 
205-234. Section of the Cretaceous at El Paso, Tex., by T. W. Stanton and T. W. Vaughan; Am. 
Jour. Sci., 4th ser., Vol. I, 1896, pp. 21-26. Additional notes on the outlying areas of the Comanche 
series in Oklahoma and Kansas, by T. W. Vaughan; Am. Jour. Sci., 4th ser., Vol. IV, 1897, pp. 43-40. 
The Mesozoic section of Sierra Blanca, Texas, by T. W. Stanton; Science, 1898, p. 429. Geologic notes 
on the Wichita Mountains of Indian Territory, by T. W. Vaughan; Am. Geologist, Vol. XXXIV, 
1899, pp. 41-55. 
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venient terms for a number of small beds which may best be discussed 
collectively. They are not intended to supplant the formation names 
in local sections, but are almost indispensable for purposes of general 
discussion and correlation. The value of such terms is illustrated by 
the fact that the two local formations, bracketed under the general 
term of Preston beds in the Denison section, coalesce to the south into 
one formation and are not recognized in the Austin section. The four 
or more distinct lithologic formations of the Denison beds of the Den- 
ison section, incident to the changes in character of the synchronous 
sedimentation within the limits of a large sea area, are represented in 
the Austin section by two stratigraphic units. In the outlying areas 
the Denison beds are represented paleontologically by characteristic 
fossil zones, but lithologic correlation is impossible. 

The subdivisions and variations of the Washita division may best 
be presented by selecting two widely separated sections as types (see 
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fig. 29), which show the extremes of variation, to be’ followed by 
descriptions of sections at intermediate points along the line of out- 
crop between these type sections. The Denison and Austin sections 
will be thus taken, the former as a representative of the Washita 
division in the Red River region and the latter as an example of the 
same as it occurs at the Colorado and to the south. In general, the 
nomenclature used in describing the sections is that given in the sec- 
tions on Pl. XVI, p. 110. 


i 
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In order to appreciate this division in the region of its typical devel- 
opment, we must first consider southern Indian Territory and northern 
Grayson County. In this region, south of and above the outcrop of 
Goodland limestone, may be found the best and most highly developed 
section of the Washita division. The Basement sands occupy the 
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Fig. 30.—Section of Washita division, Denison, Texas. 


parting valley between the southern flank of the mountains and the 
Goodland limestone escarpment. The beds of the Washita division lie 
immediately above the latter and form the upland prairies extending 
south from the Goodland scarp toward Red River. Fine sections are 
also exposed on Red River along the northern lines of Cooke and 
Grayson counties. 
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DENISON SECTION. 


~s 


From the bed of Duck Creek, 4 miles north of Denison, to the south- 
ern suburbs of the city, at a point one-half mile southeast of the depot, 
almost the entire section of the Washita division, with the exception 
of its immediate basal contact with the Goodland limestone, is beauti- 
fully exposed in the drainage and railway cuts. The few feet of lower 
strata may be seen a few miles west of the section line, especially at 
Marshalls Bluff, Red River, where the highway descends from the 
edge of the Grand Prairie into the bottom at Preston. Continued 
southward from Denison toward Sherman, this section also gives a 
good exposure of the basal portion of the Upper Cretaceous, as will 
be more fully described later. This section is an important one and 
may well serve as a type of the development of the Washita division 
in the north Texas—Indian Territory region. 

The thicknesses of the strata as given are approximate, and are not 
to be considered final. Some of them were measured, where possi- 
ble, with level or tape line, but many of the unconsolidated beds do 
not permit of such measurements, and their thickness had to be 
determined by the dip, which is very near 2 feet in 100 (1.95). An 
artesian well in Denison gave a check upon the section measurement. 
Letters have been assigned to various beds and fossiliferous zones, 
for use in correlating the beds of other sections to be presented with 
those of the Denison section. The details of this section, so far as the 
writer is able to give them, are as follows: 


Secrion No. 26.—BEpDs oF THE WASHITA DIVISION BETWEEN Duck CREEK AND DENISON. 
(SEE Pu. XIX, A, AND TEXT FIGS. 30 AND 32:) 


Washita Division. 
DENISON BEDs. 
POTTSBORO SUBGROUP, 
p. Grayson marls: Feet. 
Greenish white, marly clays containing Gryphea mucronata, Turrilites 
brazoensis, etc., exposed in the abandoned grade of the Denison and 
Bonham Railway south of Pawpaw Creek-.....-..-....-------------- +15 
0. Main Street limestone: 
Ferruginous, arenaceous, white, coarse-grained limestone, turning yellow 
on exposure; more massive beds at base, with intervening layers of 
ferruginous sandy marl. Terebratula wacoensis are abundant in the 
lower strata (o!), with Hxogyra arietina above (0?) _...---.----------- +12 
WENO SUBGROUP, 
n. Pawpaw beds: 
Impure laminated sandy clays, dark blue and bituminous in places. 
Very sandy in the upper 5 feet. The lower 12 feet contain an abun- 
dant fauna of many species. Near the base of the beds are numerous 
(De GiGe hr GWAC HO. - < eon SSE Be ABE eo Boe See Oe ee ee ae 45 
m. Quarry limestone: 
A massive arenaceous limestone, blue interiorly, but oxidizing yellow; 
exposed in the quarries of East Denison ........-.----.-- Bae een oe 
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j,k, 1: Feet. 
Brown, ferruginous marls and sands with occasional indurated layers 
ot hematite, impure limestone, sandstone, and flat, fissile lenses, called 
niggerheads. Some of the layers are very ferruginous and carry many 
fossils, including Turritella, Ammonites (Engonoceras of the Belvidere 
type), and other species. (k) is a crumbling, arenaceous limestone 
with a bed of sandstone, with O. quadriplicata and G. washitaensis, from 
1 to 2feetian thickness 22. uses SUIN ee avs ee eee ee ee eee at ree 94-124 
No exact section of these strata has ever been made, but the following 
partial section of the well of T. V. Munson’s old nursery will show the 
character of the beds j,k, and lin their medial portion: 


Subsection No. 1, beds j, k, and 1. 


Yellow limestone, blue on fracture in bands of 1 foot, seen at the 


Munson mansion, i mile snorth of the city== === ees 0.5 
Marly shales with alternate sands, plus --.-- Eevee Betas Ske ee ae itil 
A band of brown, ferruginous, siliceous limestone with Ostrea 

quadriplicntays 2) ease eae eee ee 1 
Marls, locally called soapstone, with thin, sandy interlayers... -- 8 
Beds of iron ore with nacreous casts of Turritella, Nucula, Cor- 

Bula -CtC. 8 cd eens alae YS Bee ee ee 0.5 
Hard, flinty limestone with nacreous shells (Ammonites, Engo- 

NOCENAS) ORCS Vee oc che See te ere +3 
Meals 2. Gia Shere 2S Se oe RS oe SE ele eer 10 
Hissilediensesa(migeenhiead s) eset =a sea ee soseetine 0 


The base of marls (j) at the cemetery gate, Denison, is a black 
shaly material 10 to 12 feet thick, overlain by:a heavy bed of 
limestone. Above this is the niggerhead horizon, consisting 
of large, round, lens-shaped blocks, like millstones. 


DENTON SUBGROUP. 
i. O. carinata beds: 
Thin beds of indurated Gryphxa washitaensis agglomerate, separated by a 
few inches of marl. The agglomerate is accompanied by occasional 
species of Ostrea carinata, O. subovata Shumard, Neithea, etc. This 
indurated zone forms a conspicuous dip plain from the cemetery gate 
Morthiweard! <2 2255 Se ops 22 ices che a eae ee ere ere reece arene eee Te ene etc 25 
h. Light-brown calcareous ferruginous marls, estimated at..--......-.------ 65 
Gervilliopsis bed : 


oS 


A very thin indurated layer of gray shell agglomerate weathering into 
fissile slabs and containing innumerable casts of small fossils, including 
Gervilliopsis invaginata White, Remondia robinsi, Leiocidaris hemigranosus 
Shumard,! O. quadriplicata Shumard, and other forms .--.--...----.--. 0.5 
Whitish mars oi 5222 eaten Sree eee ee re ae eet ee ee 5-10 
e. Fort Worth limestone : 
A white, impure, chalky, slightly arenaceous limestone and marls, occur- 
ring in very persistent alternations of from 6 inches to 1 foot or more. 
Its outcrop weathers into low scarps and dip plains. This is well 
exposed on the highways and railroad 13 miles north of the city. It is 
especially characterized by Schloenbachia leonensis Conrad, and Epiaster 
élegams|Shumarcdivarstevong OLN OcmMe tesserae see ee eee eee ee 25 


1 This is the lowest occurrence of this characteristic form of the Denison beds, which ranges up into 
the base of the Main Street limestone. 
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eae PRESTON BEDS. 
d, c. Duck Creek formation : Feet. 
White massive and impure chalky beds at the base, with thin alterna- 
tions of marl, grading up into beds in which the thickness of the marls 
gradually preponderates over that of the limestone. They are character- 
ized by an ammonite fauna, including Pachydiscus brazoensis Shumard, 
Schloenbachia belknapii Marcou,and Hamites fremonti Marcou,and perhaps 
other undetermined species. They also contain near their base twospecies 
of Inoceramus—J. muwnsoni Cragin and I. comancheanus Cragin—the 
- only forms of that genus as yet found in the Comanche series: 
d. Yellowish chalky clay marls, with occasional indurated lavers, and con- 
taining the Duck Creek fauna to their top 
c. Strata of homogeneous, crumbling, impure, chalky, white limestone, con- 
taining all the known species of the Duck Creek fauna..-..---------- 46 
b. Transitional beds, which may be classified with either the Duck Creek or 
the Kiamitia. 
Thin alternations of marl and limestone in layers of less than 14 inches. 


Schloenbachia belknapii, Schloenbachia acutocarinata, G. washitaensis -- - - 10 
Blrepiglal lem at were pe ey es See ee aS NACo has eicye.s Sere ce crt e seme te 3 
Hard band of limestone, with Aingena choctawensis, Bxogyra plera, and 

TOSS SrA OVeMIaen blOMEGi.!wie eee te seme es cine te ak 2 apie t= 1 


Blue, argillaceous, hard lime marl, with two indurated bands near 
center.  Schloenbachia acutocarinata, Gryphea corrugata, G. awashi- 


CLOTUSUS MH! GOUT CL AD LCM Cita =raectev ete ayers TS fale eee Ne is ae ore Sele oe Slee ee ay 4 
a. Kiamitia clays: 
Only the top of the undoubted Kiamitia clays are exposed in this section 
in the bed of Duck Creek, consisting of alternations of black marl and 
flags, about 6 inches thick, of hard indurated Gryphea corrugata breccia. 
(BaseroikGanntianclaysimotiexposed))iasq= sence sees] cee cease sees 4 
Section No. 27.—W4ASHITA DIVISION aT AusTIN, TEXAS (SEE PL. XX, #). 
4. Eagle Ford clays: Feet. 


Uncontormity. 
3. Buda limestone: 
Yellowish and white limestone, lumpy in places, with many fossils, 
notably Vola roemeri, Pholadomya, Pedinopsis pondii Clark, a coral, 
and other species near top. A thin agglomerate (p) of G. mucronata 
ab WaS@maserr cree OOO E HORE RECO E SOE NON Ca Sen ene ar ese Sa tenes 45 


2. Del Rio clays: 
Fossiliferous clays containing many loose specimens of Gryphea mucro- 


(WU aosoge hs 65 eS e STE ABBE e ee SERCO Ree eae eee mer 10 
Thin, indurated, arenaceous layers in the clay, with casts of Lima, 
Nein, Wenrrile, JOA, CWO a5 6624 sono eeneacoee=Suessesseauoese 05 


Light greenish-blue laminated clays, with many specimens of Evogyra 
arietina throughout, but especially near upper portion (0°). Kingena 
wacoensis mixed with these at the base (o!)!.....-........--------.-- 70 

1. Georgetown limestone: 

Firm and crumbling stratified impure white limestones with some beds 
of lime, marl, and shell agglomerate (for details see Section No, 29, 

OZ ODN dela XONC eH) ecRotalathickmessem as seee iss ese 49.9 
0. Edwards limestone: 

Nodular limestone full of Requienia (No. 49 of section No. 25, p. 233, Pl. 

SON sees : 3 


1 Letters thus inserted indicate correlation of beds with those of Denison section (section No. 26). 
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The paleontologic characters of the beds of the Washita division are 
so well defined that they are valuable guides to the determination of 
its position regardless of lithologic changes over wide areas of country 
extending from Arkansas on the east to southern Kansas on the north, 
northeastern New Mexico and northwestern Mexico on the west. and 
beyond the Rio Grande on the south. 

Many of the species have a single persistent definite zone of occur- 
rence, extending throughout the areal extent of the formations, and 
are of the greatest value for correlation purposes. Others have a 
definite hemera or range, which is likewise of value for diagnostic 
purposes. In some of the beds the fauna is diversified and composed 
of many species. Other great beds are agglomerates or breccias 
composed largely of a single species. 

As a whole the fauna of the Washita division is evolved from that 
of the fossiliferous beds of the Fredericksburg division and is a part 
of the general grand fauna of the Comanche series. While some of 
the fossils of the Fredericksburg division pass into the Washita divi- 
sion, there are many strongly marked paleontologic differences between 
them, notably the cessation of certain characteristic genera and species 
of the Fredericksburg division, such as the Rudistes and Requienias, 
and the appearance of many definite and peculiar species in the Washita 
division not found in the Fredericksburg. Furthermore, such species 
as extend from one division to the other show well marked varietal 
differences. Among the characteristic species are many ammonites 
and echinoids, and some brachiopods. 

While much labor has been devoted to ascertaining the stratigraphic 
position, geographic distribution, and faunal association of the spe- 
cies of the Washita division, the time has not yet arrived to present 
a final discussion of these subjects. This task has been deferred to 
Mr. T. W. Stanton, whose special abilities in this line will no doubt 
result in an interesting presentation. At present we can only call 
attention to a few particular forms having definite horizons or hemera 
which will be of practical assistance to the layman in identifying the 
position of certain rock sheets in the geologic column. (See Pls. 
XXXIV, XXXV, XXXVI, XXXVII.) 

Fossil remains of ammonites, oysters, and echinoids are especially 
abundant and well preserved. Among the fossil oysters there are sey- 
eral that are of great value in the determination of stratigraphic posi- 
tion. First among these are the grypheas, of which there are three 
broadly differentiated varieties— Gryphwa corrugata (see Pl. XXXIV), 
G. washitaensis (see Pl. XXXVI, fig. 3), and G. mucronata (see Pl. 
XXXVI, fig. 1), which are peculiar to the lower, middle, and upper 
beds of the Washita division, respectively. There are also five other 
ostrean forms which are of value in this respect, known as Lvogyra 
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plexa,- Exogyra arietina (Pl. XXXVII, fig. 2), Ostrea subovata, O. 
quadriplicata (Pl. XXXVI, fig. 4), and ZL. stnuata americana. These 
forms are not so abundant as the grypheas, but occur in definite 
zones which are of great value for correlation purposes. 

Two species of the Hxvogyra arietina type have most definite strati- 
graphic significance. The first of these, an antecedent form, is the 
Exogyra plexa of Cragin. It occupies a definite zone, which may be 
considered the approximate boundary line of the top of the Kiamitia 
clays. The typical form of Ezogyra arietina is the peculiar distin- 
guishing fossil of the Del Rio formation and its correlatives. 

Ostrea carinata Lamarck (see Pl. XXXVI, fig. 2) has a definite and 
persistent zone of occurrence and wide distribution. It generally 
accompanies Gryphea washitaensis, which occurs in greater abundance. 

Ostrea quadriplicata is a distinguishing fossil of the Denison beds of 
north Texas and outlying areas. It ranges from above the Fort Worth 
limestone to the top of the Washita division. 

The ammonites are also of especial value for stratigraphic determi- 
nation, but unfortunately the nomenclature and classification of this 
group of forms are unsatisfactory. In general we may remark that 
the forms known as Ammonites acutocarinatus, Ammonites brazoensis, 
Ammonites leonensis, and Hamites fremonti occur in persistent zones 
of stratigraphic value. Ammonites acutocarinatus does not range 
above the basal or Kiamitia beds of the Washita division. The large 
Ammonites brazoensis Shumard, and Hamites fremonti (see Pl. XX XV, 
fig. 3) distinguish and are peculiar to the Duck Creek horizon. 
Ammonites leonensis (see Pl. XXXVI, fig. 1) is the characteristic fossil 
of the Fort Worth beds. 

In the Main Street and Buda limestones a rather smooth, square- 
keeled ammonite species, oplites tecanwm Cragin, is found. Through- 
out the Washita division, but especially abundant in the Denison 
beds, may be found peculiar ammonites of the A. pedernalis family, 
but inasmuch as these are also found in the Fredericksburg division, 
and their classification and specific differentiation is a problem which 
the most able students have not satisfactorily solved, their occurrence 

does not as yet possess any known stratigraphic value.” Zerebratula 
(Kingena) wacoensis (see Pl. XX XVII, fig. 5) is another fossil which 
has a definite zone of occurrence, and is of great value for stratigraphic 
correlation. Its position is at the base of the Del Rio clays. An allied 
and perhaps antecedent form, 7° choctawensis, occurs at the top of the 
Kiamitia clays in the Red River section. 

The echinoids are also of value in stratigraphic determination, espe- 
cially the large form of Hp/aster elegans of Shumard (see Pl. XXXVI, 
fie. 4), which was described as Macraster tevana Roemer. This, in 


) 


1A specimen of this species may be seen in the center of the mass of Gryphxa corrugata illustrated 
on Pl. XXXIV. 
“This group of ammonites is now being checked for publication by Prof. Alpheus Hyatt. 
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association with Ammonites leonensis, is the characteristic fossil of the 
typicai Fort Worth horizon. 

There are many other rarer fossils of stratigraphic value, such as 
Gervilliopsis invaginata and Leiocidaris hemigranosus, which occupy a 
detinite zone at the base of the Denison beds in the typical Denison 
section.’ These fossil zones will be frequently alluded to in the strati- 
graphic descriptions. 

PRESTON BEDS. 


This name has been used by the writer as a collective term for the 
Kiamitia and Duck Creek formations at the base of the Washita 
division. Usually these formations are very distinct from each other, 
but in places may not be sufficiently differentiated for separate identifi- 
sation. This subgroup is developed in northern Texas and southern 
Indian Territory, decreasing in thickness to the south and not being 
represented beyond the Colorado. Its most characteristic development 
is near Red River, in Grayson County. (See Pl. XVIII, fig. 16.) 

KIAMITIA CLAY. > 
CHARACTER AND EXTENT. 

The Kiamitia clay is a conspicuous clay formation separating the 
Edwards formation of the Fredericksburg division below from the 
Duck Creek limestone of the Washita division above. ‘This formation 
consists primarily of dark-blue, calcareous, carbonaceous, laminated 
clays containing many regular beds of impure limestones. The clays 
are rather bituminous to the north, but become more calcareous south- 
ward. The formation varies but little in character from the base to 
the top. Alternating with the clay are bands of indurated, thin, flaggy 
strata and dimension layers of clay limestone, which are sometimes 
slightly arenaceous. The shell agglomerate bands are conspicuous sur- 
face features at nearly every locality where Kiamitia clays crop out. 
On weathering the flagstones have a yellowish surface appearance, as 
does the clay, from the oxidation of the pyrites. 

South of Brazos River limestone enters more largely into the rock 
material. Here, where the whole bed does not exceed 15 feet, the 
amounts of lime and clay are about equally represented. The lime- 
stone occurs as bands of shell rock 6 to 10 inches thick, rarely exceed- 
ing a foot in thickness, made up almost entirely of Gryphawa corrugata 
with clay beds between them. 

The Kiamitia formation rests upon the compact Goodland limestone 
north of the Trinity abruptly and distinctly, without layers of transi- 
tion rock. Southward from Trinity River the basal Kiamitia rests 
upon the same zone of Edwards limestone characterized by the fossil 
Requienia for more than 200 miles. 


1The readers who may wish to make a further study of the fossil star-fishes of Texas are referred 
to Bulletin 97 of the United States Geological Survey. 
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The upper limitation of the formation is in general detined north of 
Brazos River by the occurrence of massive beds of chalkier Duck 
Creek limestone and by the Georgetown limestone south of that 
stream. This upper parting is paleontologically transitional, as will 
presently be shown. 

This formation, being relatively softer and inclosed between firmer 
strata below and above, erodes rather rapidly at its outcrop. Its sur- 
face generally forms a gently inclined dip plain surmounting the 
Goodland scarp at its interior border and dipping into the base of 
interior-facing scarps to the coastward. Although this surface makes 
a rich, black, waxy soil, which supports a rank growth of grass for 
pastoral uses, its agricultural value is of secondary importance, owing 
to shallowness. 

The thickness of the Kiamitia clay is difficult to ascertain with accu- 
racy. It varies but slightly from point to point along the strike, in 
general decreasing from northeast to southwest. At Goodland, in the 
Choctaw Nation, the thickness is approximately 150 feet. On Red 
River west of Denison it is approximately 40 feet, decreasing to 30 
feet at the Trinity and to 10 at the Brazos, and finally disappearing at 
the Colorado. The decrease in thickness measured along the outcrop 
from Red River to the Colorado is approximately at the rate of one- 
tenth of a foot per mile. 

The Kiamitia clays outcrop in an elongated narrow belt along the 
interior border of the Grand Prairie, as has been approximately out- 
lined upon the map. This belt of prairie attains a few miles in width 
in southern Indian Territory and Cooke and Grayson counties, but 
narrows toward the south until it is rarely more than a few hundred 
feet, and often but a few yards, wide. 

This formation occupies extensive areas in the Goodland, Kiamitia, 
Boggy, Fort Washita, and other prairies of southern Indian Territory, 
where it weathers into a sticky black soil, through which projects an 
occasional stratum of erypheea limestone. It also occurs in northern 
Grayson County, in the upland prairies south of Preston, and in the 
bed of Duck Creek north of Denison. At the last-mentioned locality, 
in the bed of Duck Creek, where the railroad crosses it, there is an 
interesting exposure revealing the upper beds of this formation and 
its relations to the overlying Duck Creek formation. Four or five feet 
of the Kiamitia consist of alternations of blue-black bituminous marl 
and hard, indurated, brecciated flags (see Pl. XXXIV) composed, in 
larger part at least, of Gryphwa corrugata Say’ and Gryphwu navia 
Hall (Hvogyra forniculata White). (See Pl. XX XV, fig. 1.) 

Toward the upper border of the clay the layers of the gryphea 
shell limestone become more abundant. At the top it grades into a 


! The fossil grypheeas of the Texas region are described and figured in detail in Bulletin No. 151 of 
the United States Geological Survey. 
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more calcareous clay, with numerous limestone layers which contain 
Terebratula choctawensis, G. washitaensis Hill, and Exogyra plexa 
Cragin, and species peculiar to the succeeding beds of the Washita 
division. It also contains (. corrugata and Schloenbachia belknapii 
Marcou (see Pl. XXXYV, fig. 2), species which survive from the Fred- 
ericksburg and here cease in their upward range. 

Section No. 28.—Srcricn or Duck CREEK Buiurr at Missourr, KANSAS AND TEXAS 


RAILWAY CROSSING NORTH OF Denison, TEXAS (UPPER KIAMITIA AND LOWER Duck 
CREEK). 


Total depth 
Thickness. | to bottom 
of stratum, 
Duck Creek limestone: Feet. Feet. 


(c) 6. Massive strata of chalky limestone, interstratified 
with very thin layers of marl in planes of strati- 
fication and containing the large Pachydiscus 


graysonensis, S. geniculatus, and Inoceramus, the 

basal portion of Fort Worth limestones as ex- 

posed in a bluff of Duck Creek one-third of a 

mile below the Missouri, Kansas and Texas 

Railways 2. 2226 eee eee eee ee 10 10 
(b) 5. Thin alternations of marl and limestone in layers 
of less than 14 inches. In these there are large 
numbers of Schloenbachia belknapii, S. acuto- 

COPINGiG, an GG VwashitCens See 10 20 

4. Blue friablé:marl_2-_ ie 2 eee eee 3 23 
3. Hard limestone which bears Kingena choctawensis?, 
S. acutocarinata, G. washitaensis, and Evogyra 

plega Cragin... 2220 Ses oS tee eee eee 1 24 

Kiamitia clays: 

2. Blue argillaceous lime, with two thin indurated 
bands near the center; S. acutocarinata, G. cor- 


rugata, and G. washitaensis,* Exogyra plexa, and 


Pholadomyd, 325 seas 2 eee ee 4 28 
(a) 1. Alternations of G. corrugata limestone and clay in 
the bed of Duck Creek at the base of the section - 5 33 


1This is the upper limit of this form in the Texas section. 
2 This is the lower limit of G. washitaensis, which extends upward to bed (k). 


DETAILS OF OUTCROP OF KIAMITIA CLAY. 


The Kiamitia clay occurs at the surface in numerous exposures in 
the bluffs of Little Mineral Creek from the border of Red River bot- 
tom to within 4 miles of Pottsboro. It is 33 feet thick, and in strue- 
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ture varies but little from that at localities in Tarrant, Wise, and 
Cooke counties. The indurated calcareous clay occurs interstratified 
in the dark-blue clay, and the laminated flags are numerous. In the 
middle and upper half gryphea shell masses and limestone 2 to 6 
inches thick largely replace the flags. These limestone layers are 
composed of fossil shells of G. corrugata en masse (see Pl. XXXIV), 
cemented into hard rock or in loose masses. In either case the shell 
beds are continuous from one locality to another, with little variation 
in thickness. As at other localities throughout the extent of the Kia- 
mitia clay, the dark-blue clay rests directly upon the smooth surface 
of the solid white Goodland limestone. The base of the clays in con- 
tact with the underlying Goodland limestone is also well displayed at 
Marshalls Bluff, on Red River (see fig. 26, p. 218). 

The clay with included grypha bands crops out along the valley 
of Red River northeast of Gainesville. At Brown and Sacres Ferry, 
Cooke County, the river cuts bluffs in the Kiamitia. At these places 
the contact between them and the overlying Duck Creek is 68 feet 
above water level. 

In Cooke County very little variation is found in the structure and 
character of the clay from that in Wise and Denton counties. Near 
the northwest corner of the Charles Demorse survey, 24 miles south- 
west of Era, Cooke County, a complete section shows the clay to be 
30 feet thick. Here it is composed of laminated blue clays inter- 
stratified with indurated arenaceous calcareous flags, similar to the 
formation in Wise, Denton, and Tarrant counties. In the clay, 5 feet 
from the base, there is a band of gray, indurated, very limy clay, 
which is found in every good exposure in this region. 

The Kiamitia clay occurs in each side of the valley of Denton Creek, 
very near the county line, west of Stony. As exposed in the bluffs of 
Denton Creek, it is a very finely stratified and laminated slaty blue 
clay, interstratified with bands of indurated calcareous-arenaceous 
flaggy layers 1 to 4 inches thick at intervals of 6 to 18 inches. These 
are finely laminated and, upon weathering, separate into thin sheets. 
The clay here is variably arenaceous in the basal portion. Some 
layers very near the base are sandy. The whole bed is 30 feet thick 
on Denton Creek. 

The Kiamitia beds are well exposed along the upper margin of the 
breaks of the Trinity in Wise and Tarrant counties, especially west 
of Fort Worth, where the clays have a thickness of about 30 feet. 
Three miles east of Aledo, Parker County, the Kiamitia clay is exposed 
along the Texas and Pacific Railway. The rock isa blue laminated 
clay, with arenaceous flagstones nearly 2 inches thick at intervals of 
13 to 3 feet. The flags are bluish gray on fresh exposure and yellow 
after long surface weathering. The bands of indurated calcareous 
clay, in some instances + inches thick, occur at intervals of 3 to + feet. 
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At the base of the bed at this locality there is a layer of laminated, 
sandy, very calcareous and argillaceous material which contains large 
quantities of shell fragments. The Kiamitia bed is 30 feet thick at 
this locality. 

The formation is well exposed in the bluffs of Brazos River north 
of Greenock, Bosque County, and in the bluffs of Coon and Rocky 
creeks. On the north side of the river good exposures are rare on 
account of the abundant river drift, gravel, and sand upon the sur- 
face. Kiamitia clay forms the banks and bluffs of Cook Creek for 2 
miles above the edge of the river basin, while the Edwards limestone 
forms the bed of the creek. The more argillaceous lower portion of 
the Kiamitia bed here is not more than 5 feet thick. At the contact 
on the surface of the hard Edwards limestone the fossils G. pitcher? 
(Kiamitia phase), Caprina crassifibra, and Caprina sp. are commin- 
gled. The EHxogyra plexa zone of lime and clay marl, 4 feet, occurs 
here at the upper part of the Kiamitia clay. 

The most southern outcrop of the Kiamitia bed is at Round Rock. 
On the San Gabriel it is concealed by the downthrow of the fault. In 
this vicinity there is no clear line of demarcation between the Kiamitia 
and Georgetown formations, the Duck Creek not being differentiable 
here. The Kiamitia bed begins at the base in earthy, blue, marly, 
rather hard limestone, and grades up without perceptible change about 
6 feet into the Fort Worth beds. The border line is drawn at the 
upper limit of the occurrence of Gryphwa corrugata and at the base 
of the Kxogyra plea horizon, which occurs at the border between the 
two beds north of Denison, in the banks of Duck Creek. The surface 
character of the rock of this bed here and its effect on the soil or 
surface conditions are not perceptibly different from the influence of 
the body of the Georgetown formations. 

The formation gradually loses its bituminous character and becomes 
more and more calcareous with decreasing thickness southward from 
Red River, until, at the San Gabriel, it finally ceases to form a recog- 
nizable horizon. 


PALEONTOLOGY OF THE KIAMITIA FORMATION, 


Apparently there is no other bed of rocks in the Texas Cretaceous 
having the extent and thickness of the Kiamitia clays which contains 
so few species of fossils. Gryphea corrugata, G. navia Hall (Exvogyra 
forniculata White), Schloenbachia blknapii Marcou, and Exoqyra 
tecana are the only known fossil forms in the Kiamitia clay proper 
(see Pl. XXXV). Gryphwa corrugata is the principal and charac- 
teristic fossil of this formation, occurring in great numbers in the 
clay and forming the mass of the indurated layers. Gryphwa cor- 
pugata occurs in the lower portion, rarely ranging higher than 6 feet 
above the base. Hxogyra texana (see Pl. XXVII, fig. 1) is rare, 
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but its oecurrence has heen noticed in the bluffs of Brazos River north 
of Greenock, Bosque County. 

Schloenbachia belknapii Marcou also occurs abundantly in the 
Kiamitia formation. This ammonite ranges up into it from the 
Fredericksburg division. 

In the transition bed at the top there are, besides S. be/knapii and 
G. corrugata, Terebratula choctawensis, Exogyra plexa, G. washitaensis, 
and Avicula leveretti. 

In considering some of its fossil remains, like Hvogyra texana and 
Schloenbachia belknapii, Tatt has expressed doubts as to whether this 
formation in the areas of its marginal extension could be separated 
sufficiently from the Fredericksburg division to give it the status of a 
distinct formation, although throughout a large area of northern Texas 
and southern Indian Territory it is a well-defined, conspicuous, and 

appable unit. He therefore included it in the Fredericksburg divis- 
ion. While it contains conspicuous fossil species which range up into it 
from the lower beds, there are also forms which are undoubtedly the 
initiatory species of the Washita faunas. Furthermore, the formation 
clearly belongs to the Washita division upon lithologic grounds, and 
was so placed by the writer, who originated the classification of the 
beds into divisions. 

The following list of fossils collected from the Kiamitia beds on 
Duck Creek, and determined by Mr. T. W. Stanton, shows the charac- 
ter of the fauna: 

Kingena choctawensis (?) Shumard. 
Exogyra plexa Cragin. 

Plicatula dentonensis Cragin? 
Protocardia texana Conrad ? 
Pachydiscus brazoensis Shumard. 


Schloenbachia belknapii Marcou. 
Schloenbachia acutocarinata Shumard. 


DUCK CREEK FORMATION, 
GENERAL CHARACTER AND FEATURES. 


The term Duck Creek formation was proposed by the author for a 
series of chalky limestones and marls situated between the Kiamitia 
clays and the Fort Worth limestone of the Red River section, making 
a distinct and mappable formation. (See Pl. XVIII, 4.) 

The typical exposure of this formation is seen in the Denison section, 
where it occurs on the south and east side of Duck Creek, along the 
Missouri, Kansas and Texas Railway. Here it consists at the base 
of (c) firm, white, impure, chalky jiimestone in persistent beds of 
varying thickness, from 6 inches to 10 feet, on exposure weathering 
with conchoidal fracture into scaly fragments. These grade upward 
into (d) chalky flocculent marls, blue before exposure but becoming 
yellowish-white on weathering. 
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The formation rests conformably upon the Kiamitia clays, without 
sedimental break, but lithologically presents a strong contrast with 
them, although the contact is somewhat transitional, as shown in sec- 
tion No. 28, p. 254. The Duck Creek formation is succeeded above by 
the Fort Worth limestone, with its distinct faunal characters and more 
regularly bedded alternations of marl and limestone. Lithologically 
the marly and calcareous aspects of this formation are allied to those 
of the overlying Fort Worth limestone, from which it could hardly 
be separated on other than paleontologic grounds, especially as one 
proceeds south. 

PALEONTOLOGIC FEATURES OF DUCK CREEK FORMATION. 

The beds are characterized by a conspicuous and peculiar fauna, 
especially marked by Schloenbachia belknapti, Hamites fremonti Mar- 
cou, and J. comancheanus Cragin. (See Pl. XX XV.) The fauna asa 
whole is in the hands of Mr. T. W. Stanton for final study. The fol- 
lowing species have been collected from the type locality at Denison: 


Fossils from the Duck Creek beds 4 miles north of Denison, Texas. 
ee 


Kingena sp. | Pachydiscus brazoensis Shumard. 
Schloenbachia belknapii Marcou. 
Schloenbachia acutocarinata Shumard. 
Schloenbachia sp. 

Schloenbachia sp. 

Hamites fremonti Marcon. 


Ostrea sp. 

Plicatula dentonensis Cragin. 
Avicula sp. 

TInoceramus comancheanus. 
Inoceramus munsoni. 
Pholadomya n. sp. 


OCCURRENCE, 

This formation occupies extensive areas of prairie land in north- 
central Grayson County and western Cooke, and thence extends south- 
ward with decreasing thickness to Trinity River at Fort Worth. On 
the edge of Red River north of old Preston there is an outcrop of the 
formation on the downthrown side of the Preston fault. 

The Duck Creek formation may be said to constitute a mappable 
unit in the counties of Grayson, Cooke, Denton, Tarrant, and Johnson 
only, and is therefore of less areal importance than other subdivi- 
sions of the Washita division. Its lithologic identity fades out to the 
northeast in Indian Territory, but is distinctly recognizable in the 
Chickasaw Nation northwest of Marietta. It continues as a recog- 
nizable formation as far south as the Brazos, being exposed 4 miles 
north of Blum and south of Rio Vista. South of the Brazos this 
formation loses its lithologic and paleontologic identity, its position 
being occupied on the Colorado by the lithologic phase of the George- 
town limestone in that direction. These beds have a total estimated 
thickness of about 194 feet at Denison and about 40 feet at Fort 
Worth." 


1The Duck Creek fossils occur in the base of a bluff north of the public square. This contains 
Gryphxa navia, Hamites fremonti, and Pachydiscus brazoensis. 
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1, Giyphza navia Hall: 2, Ammonites (Schloenbachia) belknapi Marcou; 3, Hamites fremonti Marcou; 4, Inoceramus 
comancheanus Cragin. 
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~ FORT WORTH FORMATION. 


DEFINITION AND GENERAL CHARACTER. 


The term Fort Worth formation as originally applied by the writer 
was used for a conspicuous white limestone and marl formation which 
may be traced almost entirely across Texas. For reasons which will 
be apparent in the following pages, this name will hereafter be used 
in a more restricted sense for that portion of the formation lying 
north of the Brazos, and the term Georgetown formation will be used 
for its modified continuation south of that stream. 

The Fort Worth formation, as exposed in the railway cuts north of 
the Union Station at Fort Worth (see fig. 31), and underlying all the 


Fig. 31.—Fort Worth formation, Fort Worth, Texas. 


business portion of that city, consists of a group of impure white 
limestones, very slightly arenaceous, regularly banded in persistent 
layers averaging nearly a foot in thickness, and alternating very regu- 
larly with similar layers of marly clay. The limestones and marls 
occur in strata 4 or 5 inches to 2 or more feet in thickness. The 
marly layers alternate with the hard limestones in bands ranging from 
thin laminze to beds 6 inches or more thick. The gradation from hard 
marly lime bands to firm limestone is apparently sharp, but on close 
examination it is found to be very gradual, so that well-defined lines can 
not always be clearly drawn between them. Upon weathering in verti- 
cal bluffs the hard ledges become projecting shelves and the marls form 
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recessions between them. Before exposure the rocks are dull blue, 
but when weathered they are glaring white, sometimes with a slightly 
yellowish tinge. 


CHARACTERISTIC FOSSIL FORMS OF FORT WORTH FORMATION, 


In portions of this formation fossils form the greater mass of the 
rock. Shells of Zurritella, Pecten, Gryphwa washitaensis (see Pl. 
XXXVI, fig. 3), the large Hpiaster elegans Shumard (see Pl. XXXVI, 
fig. 4), Schloenbachia leonensis (see Pl. XXXVI, fig. 1), and Wautilus 
sp., either as complete forms or as fragmentary casts, occur in every 
band from the base to the top. In some instances these shells are so 
numerous as to cover completely the surface of the degraded rock. 
Large fucoid-like masses also abound in many of the layers. 

The following fossils, collected from the outcrop of these beds north 
of Denison and determined by Mr. Stanton, show the characteristic 
fauna of the Fort Worth limestone: 


Fossils from Fort Worth limestone, 23 miles north of Dension, Texas. 
x 


Epiaster elegans (Shumard). | Schloenbachia leonensis Con. 
Neithea sp. cf. N. texana Conrad. Schloenbachia geniculata Con. 
Exogyra sp. Schloenbachia sp. 


TYPE LOCALITY AT FORT WORTH. 


At Fort Worth, the typical locality of occurrence, these beds, as 
seen in the railway cuts near the Union station, are limited above by 
brownish clay marls containing a great abundance of G. washitaensis 
Hill—the Denton beds of the Denison section. (See also Fort Worth 
general section, Pl. XIX, 2.) Below they pass into marls and lime- 
stones of the Duck Creek formation, lithologically similar, but differ- 
ing chiefly in fossil remains and in the less regular sequence of the 
alternations of lime and clay bands. Paleontologically the formation 
may be defined as the horizon of Ammonites leonensis and Hpiaster 
elegans. (See Pl. XXXVI, figs. 1 and 4.) 

The exact thickness of the Fort Worth limestone at Fort Worth has 
not been definitely ascertained. It is about 65 feet, and nowhere 
throughout its occurrence’ does it exceed 100 feet, everywhere thin- 
ning northward. 


EXTENT AND DISTRIBUTION, 


The Fort Worth formation in its broader sense, whereby the 
Georgetown formation is included under this name as previously 
used by the writer, extends in almost continuous outcrop from Red 
River to the Rio Grande, occurring near the eastern margin of the 


1Taff states (Third Ann. Rept. Texas Geol. Survey, p. 270) that the thickness of the Fort Worth lime- 
stone varies but little from 150 feet from central to northern Texas, but he includes under this name 
the Duck Creek and much of the Denison beds of the writer’s nomenclature, and hence his measure- 
ments are greater than those here given. 


HILL] FORT WORTH FORMATION. 261 


Grand Prairie north of the Brazos and in a narrow strip at the foot of 
the Balcones from the Leon southward to the Rio Grande. Small 
remnants are also preserved upon the summits of the southwestern 
portion of the Edwards Plateau. At Denison the Fort Worth lime- 
stone does not exceed 25 feet, and at Austin, where other horizons of 
the north Texas sections (beds ¢ and f to p) are included with it, it is 
only 75 feet. (See fig. 29, p. 245). 

Regions underlain by this formation everywhere make open, grass- 
covered prairie dip plains, broken by the slight stratified terraces 
with glaring outcrops of white rock. The residual soils are usually 
very thin and of brown and black chocolate colors. Owing to 
the fact that the limestones are usually very near the surface, the 
prairies underlain by them suffer a comparative lack of cultivation, 
and are principally devoted to grazing. And to this same cause may 
be traced the general good quality of the roads, which have a good 
natural foundation. 

The typical Fort Worth formation, in the restricted sense in which 
the name is now used, extends from the Brazos (or some point in 
Johnson County) north through Tarrant, Cooke, and Wise counties, 
and east through Grayson County, Texas, and the Chickasaw and 
Choctaw Nations of Indian Territory. Exposures along this belt are 
seen in the railway cuts 2 miles north of Denison, in the western 
suburbs of Gainesville, in the bluffs of the Trinity, and at the railway 
station in Fort Worth on the east side of Noland River. 

The formation outcrops continuously across Indian Territory from 
Cerro Gordo, Arkansas, to northwest of Marietta, Chickasaw Nation. 
It is much more marly toward the east. 

Near Marietta the limestone presents its typical facies, and is well 
developed thence south through Texas. It may be seen in the bluffs 
of Red River north of Gainesville and to the east toward the Grayson 
County line. It is well exposed east of the Eastern Cross Timbers in 
northern Grayson County, as shown on the map. From Gainesville, 
where it outcrops in the banks of the creek in the western part of the 
city, it extends in a narrow but continuous belt south through Cooke, 
Denton, and Grayson counties to Fort Worth. The latter city is 
located upon this formation, to which it has given its name, the rocks 
outcropping in every street, and many of the buildings being con- 
structed of its layers. It is especially well shown in the railway cuts 
near Hodge, in the bluffs of the Trinity back of the court-house 
square, and in the railway cuts at the Union Station and westward 
along the Texas Pacific road. In Tarrant County its outcrop forms a 
vast extent of upland prairie land, making a gently sloping and much 
dissected dip plain, which gradually rises west of Fort Worth, extend- 
ing into eastern Parker County, and is the true type of the Grand 
Prairie country. 
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From Tarrant County the outcrop of the formation narrows south- 
ward through western Parker and Johnson counties, but is well dis- 
played along the line of the Santa Fe Railway north of Blum. 


GEORGETOWN FORMATION. 


LITHOLOGIC CHANGES IN FORT WORTH FORMATION SOUTHWARD. 


Viewed as a lithologic unit the Fort Worth formation is apparently 
the most persistent formation of the Washita division, being traceable 
continuously across the State from north to south. But when the 
local sections of extreme regions are minutely compared, difficulties 
of correlation are encountered. South of the Brazos gradual varia- 
tions in the paleontology from that of the typical Fort Worth section 
begin to be observed, until at the Colorado we find that the formation 
includes not only the direct continuation of the fossiliferous zones of 
the Fort Worth formation, but also has embraced, at the top and 
bottom, paleontologic horizons which, in the Red River sections, are 
characteristic of other formations of the general section. Hence we 
have at Georgetown and Austin a formation occupying an interval 
between the Edwards limestone and Del Rio clays, which, while hay- 
ing the lithologic aspect of the Fort Worth limestone of the northern 
sections, 1s also the paleontologic equivalent of the Preston, Fort 
Worth, and lower Denison beds of the Denison section. (See fig. 29.) 

In view of these facts, it is obviously improper longer to call this 
consolidated formation in the southern sections the Fort Worth lime- 
stone, and: hereafter it will be designated by the name Georgetown 
formation, after its occurrence at Georgetown on the San Gabriel, 
and for lack of suitable geographic name at Austin, where it has been 
most minutely studied. Furthermore, until more detailed research is 
made in the transitional counties of Johnson and McLennan, use of 
the terms Fort Worth and Georgetown will be arbitrarily limited to 
the allied formations north and south of the Brazos, respectively. 


GENERAL OCCURRENCE OF GEORGETOWN LIMESTONE, 


The upper part of the Georgetown limestone may be seen in McLen- 
nan County, 2 miles west of Ross Station, near Brazos River, surmounted 
by 60 feet of the Del Rio clay. Its chocolate-brown soil continues 
south as narrow strips of prairie land through western McLennan and 
sastern Coryell counties, notably in valley of the Bosque and near 
McGregor and Oglesby. It narrows until it is the merest line of out- 
crop in Bell County east of the Leon, 2 or 3 miles from Belton. It 
occurs in the angle between the Leon and Noland rivers, and thence 
continues south through Bell and Williamson counties. It is especially 
well exposed near Salado, Bell County; near Georgetown and Round 
Rock, Williamson County; at Austin near the State Encampment; in 
the railway cut at the west end of Sixth street; at the top of the 
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bluffs of the Colorado; and in the bluffs of Bartons Creek, southwest 
of the city. Along this belt the areal outcrop of the Georgetown 
formation is limited toa narrow prairie lying between the western 
edge of the true Black Prairie and the eastern edge of the Balcones 
fault scarp. 

The Balcones fault cuts the limestone on Brushy Creek at Round 
Rock, and conceals nearly 100 feet of its strata by downthrow on the 
east side of its fault line. The lower portion of the formation is well 
exposed along the banks of the creek. Portions of the belt outcrop 
ina similar manner along a narrow belt between Round Rock and 
Georgetown and west of Austin. In fact, narrow ribbons of the 
formation occur in the faulted zone along the foot of the Edwards 
Plateau in a similar manner as far southwest as Del Rio. 


THE GEORGETOWN SECTION. 


On San Gabriel River near Georgetown the formation is well 
exposed, but so broken by faulting that a good continuous section has 
not yet been obtained. Opposite Georgetown a few feet of the 
basal portion of the Georgetown limestone is concealed by the down- 
throw of the Balcones fault. Below the fault these rocks have many 
beautiful exposures for 24 miles down the river. At Georgetown for 
nearly one-half mile along the river banks, and at the base of the high 
bluffs one-half mile below the water-power station, another portion of 
the formation, including a conspicuous ammonite zone, is exposed. 
The high bluff designated above exhibits the Gryphwa washitaensis 
horizon (bed i, Denison section) for many hundred feet along the 
north side of the river. Large bowlders and fragments of the rock 
lie in heaps at the base of the bluffs, displaying a rich fossil fauna. 
Extensive exposures of the upper division of the bed occur along the 
river from 2 to 3 miles below Georgetown, at the base of the high 
bluff of Del Rio clay and Buda limestone. Portions of the bed may 
be seen along Berrys Creek from 2 to 3 miles above its mouth. 


PALEONTOLOGY OF GEORGETOWN LIMESTONE. 


Krogyra plexa, Which occupies a horizon (b) in the Denison section 
immediately above the final occurrence of G. corrugata var. fornicu- 
lata, at the parting of the Kiamitia clay and Duck Creek limestone, 
occurs on Brushy Creek at the base of the Georgetown limestone. 
In its occurrence in Brushy Creek at Round Rock, Hxogyra plexa bears 
the same relations to the Kiamitia and Georgetown beds as it does to 
the Kiamitia and Duck Creek at the Duck Creek locality near Denison. 
Small specimens of this species may be seen on Pl. XXXIV. 

Through a range of about 50 feet above the Hxogyra plexau hori- 
zon there occurs a very rich ammonite fauna. Different species of 


264 BLACK AND GRAND PRAIRIES, TEXAS. 


Ammonites and Nautilus abound in a thick-bedded, hard limestone with 
narrow partitions of marly lime. Pachydiscus brazoensis, the distin- 
guishing species of the Duck Creek beds (c) of the northern section, 
abounds in the lower portion of these beds, while S. deonensis, the 
characteristic species of the Fort Worth limestone, comes in above. 

Above the beds containing Pachydiscus brazoensis, as may be 
observed in the bluffs of San Gabriel River one-half mile below the 
water power station at Georgetown, there is a narrow horizon of lime- 
stone a few feet thick containing echinoids, especially the large form 
Lpiaster elegans, which is confined to the Fort Worth limestone of 
north Texas. Above the echinoid horizon is a zone of marly and thin- 
bedded limestone which contains numberless individuals of Gryphea 
washitaensis and a few Ostrea carinata, the characteristic fossils of the 
Denton beds (f-1) of the north Texas section. There are also occasional 
echinoids, Lxogyra americana, Neithwa, Turritella, ete., in the horizon. 
Many Gryphea washitaensis may be found both above and below this 
horizon, but they occur here in greatest abundance. Ledges of rocks 
several inches thick are composed almost wholly of these fossil shells. 
As the upper portion of the bed is approached numerous Exogyra sin- 
uata americana and Ostrea carinata appear. The echinoids and nau- 
tilus forms occurring in the horizons of the lower portions of the 
bed are rather numerous here also. An occasional Ostrea subovata is 
present in this horizon. 

Within 4 to 6 feet of the summit of the Fort Worth limestone great 
numbers of A7vngena wacoensis occur (o'). The A7ngena continues in 
profusion even through the transition argillaceous lime between the 
Fort Worth limestone and the Arietina clay. At the upper edge of 
this transition band of lime and clay AVvngena wacoensis and Hxogyra 
arictina fossils are intermingled in the rock. In the north Texas sec- 
tion these fossils distinguish the Main Street limestone (beds o! 
and 0”). 

By comparing the stratigraphic positions of these fossil zones at 
Georgetown with their positions in the Denison section it will be 
seen that the Georgetown formation represents nearly the entire range 
of beds of the latter section, with the exception of the Weno subgroup, 
which has no equivalent south of the Brazos. 


GEORGETOWN LIMESTONE AT AUSTIN. 


The Georgetown formation is seen in the foothills west of Austin 
and between that city and the main escarpment of the Edwards Pla- 
teau, being especially well exposed in the railway cuts in the western 
part of the city, but in this vicinity no single exposure is found giving 
the formation in its entirety, owing to faulting. Hence the following 
section is a composite made up of several localities, the horizons of 
which have been carefully correlated. 
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Section No. 29.—DETAILED SECTION OF GEORGETOWN LIMESTONE AT Austin, TEXAS. 


[See Pl. XX, E.] 


Total depth 
Thickness. |to bottom of 
stratum. 
o*. Del Rio clays: , 
b-o!. Georgetown limestone: 
ol. 7. Massive brownish limestone studded with Kingena waco- BES: es 
gnsise gherebratulayped)s eet. 2. soe oes eee 2 | 2 
Gueotemlme material (hard marnl)-es- 225252 5-5- sees ee 8.6 10.6 
i. 5. Grayish limestone, irregular fracture, with Alectryonia 
carinata and Gryphaea washitaensis ..........--.----- it 11.6 
4. Yellow or reddish calcareous shale...............----- 4.3 105},8) 
e. 3. Alternating layers of hard and soft limestone with 
Alectryonia carinata, G. washitaensis, Exogyra ameri- 
cana, Lima wacoensis, Schloenbachia leonensis, Epiaster 
QIGUNS ao Bei e aa Aah CeCe Rae B ES OEE EE eee ee 18 33.9 
eaecaplardorayishmlimestoneves sos ese sees ee eee eee one 33 66. 
1. Soft, chalky limestone with a saline taste and with fucoid 
laversratuneubasemeris ach se,- cet esau = Jase 13 LO 
Edwards limestone. (See section 25, on p. 232). 


Beds 1 to 5 are seen in continuous section at a bluff on Barton Creek 
about 1 mile above Barton Spring. 

Beds 6 and 7 are displayed on Taylors Hill, at the railway cut in 
West Austin, and at various other localities north of the river and west 
of the city. 

This section, it will be noted, is characterized by many fossils occur- 
ring in definite beds relative to one another and by several marked 
lithologic members. The fossils of this section occur throughout 
in definite zones and association, and some of the strata are composed 
almost entirely of them. At the topis a stratum of massive limestone 
less than 2 feet thick, consisting of a homogeneous calcareous matrix 
thickly studded with fossil Avngena wacoensis, characteristic of the 
Main Street limestone, or bed ot of the Denison section. Below this 
are alternations of bands of limestone and marls accompanied by Ostrea 
sinuata, Turrilites, and Pachyma, all of which occur in the uppermost 
or Pottsboro subdivision of the Denison beds of the northern sec- 
tions. Below this is an agglomerate of Gryphaa washitaens’s, associ- 
ated with Alectryonia carinata. These forms are those which charac- 
terize bed 1, the Denton beds of the northern section. In the medial 


1 Paleontologically, the term Georgetown (Fort Worth) limestone should be limited to the lowest 
member of this Austin section or to the thicker beds carrying Epiaster elegans and Schloenbachia leonensis, 
for the few feet of upper marlsare probably the southern attenuation of the lowest Denison formation, 
The lowest Preston formation of the Washita division has not been found at Austin, or to the south- 
ward, although its equivalent has been reported by Taff at Georgetown, Williamson County, and is 
prohably represented by a few feet of limestone below the Fort Worth limestone just south of Round 
Rock, in the same county. 
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portion of the section just below the foregoing, and perhaps associated 
with them, are Schloenbachia leonensis and Epiaster elegans, the typ- 
ical Fort Worth fossils. The lower portion of the section as exposed 
at Austin is made up of thickerand more massive beds than the upper 
portion, and in the upper portion of these the writer once founda 
single specimen of Ledocidaris hemigranosus of the Denton beds, and 
below it large specimens of Ammonites brazoensis, the typical fossil of 
the Duck Creek limestone of the northern section. 

The formation does not exceed 79 feet in thickness in the Colorado 
River section. Southwestward, toward Brackett, it becomes less and 
less distinguishable from the underlying Edwards limestone, and is 
recognizable at only a few places. 


DENISON BEDS.! 


CHARACTER AND NOMENCLATURE. 


The Fort Worth limestone passes upward into a group of formations 
of various aspects, laid down in shallower waters and characterized by 
certain well-marked paleontologic zones, to which has been given the 
name Denison beds. These are mostly near-shore littoral formations, 
some of which have no traceable representation in the southern sec- 
tions, while all of them completely change in lithologic character by 
almost imperceptible gradation into clear-water deposits in their hori- 
zontal extension southward across the State, so that arenaceous and 
argillaceous formations at Red River become limestones and marls at 
the Colorado. 

This group is most highly developed in sections in northern Texas, as 
seen in Grayson, Cooke, and Denton counties, and in Indian Territory, 
as exemplified in the Denison section, where it presents at least five 
mappable units. In this region it consists of laminated ferruginous 
clays, sandy clays, impure limestones (littoral breccias), and sand. 
These beds are all characterized by the strong ferruginous colors 
peculiar to near-shore deposits, which appear only faintly, if at all, in 
the lower-lying Comanche series or the extension of the Denison beds 
south of the Brazos, while the white chalky element is entirely absent. 

In the Denison section the Denison beds consist of about 300° feet 
of ferruginous, dark-colored clays and sands (fig. 32, beds f to n), free 
from the lighter-colored calcareous (chalky) element of the underlying 
beds, with occasional conspicuous indurated layers of impure lime- 


1(See text fig. 30; Pl. X VIII, A, and text fig. 32.) This collective name, which originated with the 
writer, includes all the beds of the Washita division above the Fort Worth limestone (f to p inclusive). 
Paleontologically, they may be defined as the hemera of O. quadriplicaita. They are generally com- 
posed of beds less pure and nore ferruginous than any elsewhere encountered in the Comanche 
series. For definitions of Denison and Preston formations consult Bull. Geol. Soe. Am., March, 1894, 
Vol. V, pp. 303, 324-332. 

2 This thickness is calculated from distance and dip. It is impossible to measure accurately each 
individual bed, owing to the manner of outerop. 
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stone; ferruginous sandstone, iron ore, and clays, which lie between the 


top of the Fort Worth lime- 
stone and the Grayson marls. 

In previous papers the 
writer and others have given 
names to some of the various 
members of the Denison beds, 
but much confusion has re- 
sulted from misunderstand- 
ing the use of these terms, 
all of which were but tempo- 
rary expedients. It will be 
best for the reader to discard 
any attempt to follow out 
these previous attempts at 
classification and to approach 
the whole subject de novo. 
In the descriptions and sec- 
tions the letter symbols used 
for certain conspicuous pale- 
ontologie horizons will be of 
great service in enabling the 
reader to follow the correla- 
tion. (See section 26, p. 247, 
and fig. 32.) 


THREE SUBGROUPS. 


In a general manner the 
Denison beds may be subdi- 
vided into three conspicuous 
subgroups—the lower, mid- 
dle,and upper. (See fig. 30.) 

The lower subgroup of the 
Denison beds (beds f-i), in- 
cluding all that portion be- 
low the top of the O. carinata 
horizon, will be generally al- 
luded to as the Denton beds. 

The medial or Weno sub- 
group of the Denison beds 
(beds j-m), including all that 
portion above bedi (the 0. 
carinata horizon) and be- 


Am. belvidere, Anchura, Trigonia. 


O. quadriplicata, 


Turritella, Nucula, Corbula, ete., Am. 
belvidere. 


O. carinata. 
*| G. washitaensis. 


Gervilliopsis. 
Am. leonensis. 


=| Macraster texanus. 


Ammonites sp. 


FEET 
100 
So 
Hamites fremontii, A. brazoensis, Ino- 
ceramus munsoni, I. comancbeanus. 
° 


Fig. 32.—Geologie section, Denison, Texas, 


neath the Main Street limestone (bed 0), for convenience may be 
divided into the Weno and Pawpaw formations. For the upper 
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subgroup, consisting of the Main Street limestone and Grayson marl, 
the term Pottsboro may be used. 

The lower part of the Denton subgroup consists of beds of blue 
marly clays, terminating above by conspicuous indurations of oyster 
breccia made up largely of Gryphwa washitaensis accompanied by 
Ostrea carinata. 'The Weno subgroup is 
characterized by black and brown ferru- 
ginous clays and sands. At the base this 
subgroup consists of laminated beds weath- 
ering brown, with occasional layers of im- 
mense rounded, fissile, lens-shaped indura 
tions, generally brown in color. At the 
top of this subgroup is a conspicuous lime- 
stone bed known as the Quarry limestone, 
which in turn is succeeded by the Pawpaw 
beds, composed of dark clays and sandy fer- 
ruginous strata, oxidizing into ironstone 
which in places is almost indistinguishable 
from the Dakota sandstone. 

The uppermost or Pottsboro subgroup 
is characterized by beds of impure yellow 
limestone, which underlie Main street at 
Denison, and the lighter-colored Grayson 
marls which overlie them. 

Southward from Red River through 
Texas the various beds gradually become 
purer and generally more calcareous sedi- 
ments, and change in their lithologic char- 
acter and arrangement, so that at the Colo- 
rado they are entirely different in group- 
ing and composition. The ferruginous and 
sandy elements gradually disappear, be- 
coming no longer perceptible when the 
Brazos is reached just west of Waco. 
There are many paleontologic horizons, 
the chief of which are very persistent, 

| while others gradually cease in the exten- 

© : > : 
Fic. 33.—Section at Browns Ferry, sion of the beds. 
Texas. In view of these facts, these beds can 
best be understood by first presenting sec- 
tions of them in the north Texas region, where they are best devel- 
oped, and then by comparing these with the typical Austin section 
at the extreme southern end of our area, which shows the maxi- 
mum of yariation. Between these two places the Denison beds grad- 
ually change from the aspects of one to those of the other. They 


3 Turritella sp. 


O. quadriplicata, 


Gervilliopsis. 


GEST 
100] 


50+ 


5) Red River. 
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present the following well-defined lithologic units at the two localities 
mentioned: 


Comparison of Denison beds in northern Texas and at Austin. 


DENISON SECTION. AUSTIN SECTION. 


Pottsboro subgroup: 

p- Grayson marl. 

o. Main Street limestone. 
Weno subgroup: 


n. Pawpaw beds. 


m. Quarry limestone. p- Buda limestone. 
1, Marl. 0. Del Rio clay. 
k. Ammonite zone. f,g,h,i,o. Georgetown limestone. 


j. Niggerhead marl. 
Denton subgroup: 

i. O. carinata breccia. 

h. Marl. 

g. Geryilliopsis bed. 

f. Marl. 


A section of the Denison beds at Denison is included in the general 
section of the Washita division given on page 247. The Austin sec- 
tion is given on page 249. The following sections by Mr. J. A. Taff, 
made in northern Cooke County and in Denton County, are also typ- 
ical of the Denison beds in northern Texas: 


Section No. 30.—SrcrioN oF BLUFFS OF RED River at Browns FErRRy, CooKE 
County, TEXAS (SEE FIG. 33). 


| Total depth 
to bottom 
of stratum. 


Thickness. 


(n, 0, p eroded. For details see fig. 33.) 
WENO SUBGROUP. Feet. | Feet. 
Tien CY UATE TAy IM ESTO Chee eye eee eee cee. et cin sc oeisins cic 1.5 
Blue laminated marl with O. quadriplicata......---------- 15 
1.; Arenaceous clay ironstone, a mass of Turritella.......----- 0.5 
ILencatinenes! @leny Wal oo nosis cage ea Saas edose See naeaoee 24.5 
caer yellow limestone (O. quadriplicata)......-.---- 4 
ria] exanenaceous;m anlar eee ee ses ae sao s ches = 20 
ISM taeeeAy SPIOCIIOMNE oa2ecasscqu ccudeo aesoUCae De Ea aeae 4 


j. ;Laminated arenaceous clay with bands of clay ironstone | 
MLO CLUES eee es eee ee ee alee te hs ee 20 


Arenaceous limestone with O. quadriplicata and G. washi- 
UDMTS 38 86n a5 Bob ob Gd SOE On e EC HON ES Be SOE aE eee i 


90.5 
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Section No. 30.—SrEcTIoN oF BLUFFS OF RED River at Browns Ferry, Cooke 
County, TEXAS (SEE FIG. 33)—Continued. 


Thickness. eae 
of stratum. 
DENTON SUBGROUP. 
i. O. carinata beds. Feet. Feet. 
Agelomerate of G. washitaensis with O. carinata, Cardium, 
Prigonia, andi Schloenvachiaisps == esses aaa 5 
Ih. Soft argillaceo ts) sei cl ae ese eee eee 3 
Laminated cross-bedded sandstone........--.-.---.------ il 
Eriabledamimatedtclays essa e Sees ee ee aa ee 200 
g. Gervilliopsisibed!s=..- 225-2 stcseeiee see ee eee ae 11.5 
_ {Marl, with Gervilliopsis invaginata and G. washitaensis. . -. - OL) | 
Hs | Friable blue marl with G. washitaensis and Trigonia ..---- 25 
Total Denison beds<i.6 52 42cc Geese eee Celene a139 
e. Fort Worth limestone 
d. Upper Duck Creek | iin eeg ote a OS 150 | ie 289 
ce; Duck Creek chalk. ts2c se eich pao ene eee 10 | 299 
b. Ammonites’ beds.2242.8-%..< as: aoe eae eee eae 19 318 
a. Kiamitiassso-228 ic ceeae 4 ed oe eee eee Ree See ee eee 4 322 


a About 50 feet of the uppermost Denison beds as seen in near-by sections give a total of about 190 
feet for the Denison beds. 


Section No. 31.—DrENvrON CREEK SECTION, IN DESCENDING SERIES. [TAFF. ] 


| Total depth 
Thickness. | to bottom 
of stratum. 


POTTSBORO SUBGROUP. 
o!. Main Street limestone: Feet. Feet. 


8. Terebratula wacoensis zone (01). Inthe ban«s and 
blutts of Marshall Branch, from 1 to2 miles north- 
east of Roanoke, Denton County. The rock is 
made up of thin bands of hard limestone and 
thick (2 to 3 feet) beds of soft, argillaceous lime, | 
which contain great numbers of Terebratula waco- 
ensis, many Turrilites brazoensis, Pecten teranus, | 
and a few Ostrea subovata.  Terebratula wacoensis | 
and Exogyra arietina are commingled in the up- 
peridayers’ 243-2 e ecco eee eee eee 15 | 15 

On the south side of Denton Creek 13 miles west 

of the Missouri, Kansas and Texas Railway the 
basal 5 feet of the Terebratula zone are exposed 
in the top of creek bluff. 


WENO SUBGROUP. 
n. Pawpaw beds: 

7. Friable arenaceous clay, containing many thin, 

fissile, flaggy sandstone bands interstratified 

Wath clays see sedsehie oeleteeee tee eae eeeeeeeee | 40 55 
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Section No. 31.—DENTON CREEK SECTION, IN DESCENDING SERIES—Continued. 


WENO SUBGROUP—continued. 
m. Quarry bed: 


6. Light yellow, crumbling limestone, containing O. 
quadriplicata, O. subovata, O. carinata, and Pecten. 
Clay continues below to the edge of the creek 
basing (Quarry limestone) = sss sss sere eee ee eens 


The marls continue from the top of the bluff down- 
ward. Direct stratigraphic connection was not 
made with the preceding locality. The strata of 
this locality are below that of the former. 


j, k, 1. 5. Wenoformation. East side of Denton Creek, east 
of Justin. Friable bluish clay containing 0. 
quadriplicata with thin fissile, flaggy sand inter- 
stratified from the top of the bluff downward..-.- 


DENTON SUBGROUP: 
i. Ostrea carinata beds: 


4. Grypheea washitaensis zone, with O. quadriplicata 
in the upper 2 feet of the bed and 0. carinata in 
the lower layer, the Gryphwxa fossils forming the 
THMASSTO LAU NC OC Kae sa fon y20'= Samana s ae eee 


h. 8. Clay marl, dull blue, friable, and laminated, with a few 
bands of flaggy, fissile, calcareous sands and arenace- 
ous shell limestone. These layers of marl range from 
fine shale to bands from 3 to 4 inches thick. The shell 
bands contain great numbers of small Gryphxa wash- 


itaensis and Pecten. On disintegrating the marl changes 
through purplish-blue hues to yellow.......---.----- 


f, g. Geryilliopsis beds: 
2. Soft limestone. This rock is exceedingly fossilif- 
erous. It contains innumerable Plicatula denton- | 
ensis Cragin, also Ostrea perversa, Exogyra ameri- | 


e. Fort Worth formation: 


1. Limestone and marl in alternating layers, exposed. 
The limestone bands vary in thickness from 2 
inches to | foot, while the marly layers are 1 inch | 
KO) (© TOMO NGS WHO KS . csocedecessoouue ss oEeuEe scare 


d?. Duck Creek marl: 


The lower 50 feet of the Fort Worth limestone crops 
out in bluffs of Oliver Creek, on the Justin and | 
IDROD OAC! oo eSodauSuss ooguuduas SUSn OREO nee 


d. Duck Creek limestone: 

At the base of the bluff in the creek bed the heayy- | 
bedded Duck Creek limestones occur, bearing Pachy- 
discus brazoensis, S. leonensis, Hamites fremonti, and | 
Inoceramus sp.? | 


Thickness. 


Feet. 


xi 


oO 


Zi 


50 


Total depth 
to bottom 
of stratum. 


Feet. 


60 


ie) 
~I 


103 


130 


158 


208 
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THE INDIVIDUAL BEDS OR FORMATIONS. 


The broader features of the Denison formation having been pre- 
sented, the extent and variation of its several members will now be 
shown. 


DENTON SUBGROUP.! 


f, g. (Gervilliopsis beds.) The Fort Worth limestone is succeeded 
at Denison by light-colored calcareous marl from 5 to 10 feet thick, 
terminating with a laminated layer less than 1 inch thick, composed 
of amass of small fossils, including Gervilliopsis invaginata, which 
occurs only in this horizon. 

Mr. Stanton has identified the following fossils from this bed at 
Denison: 


Fossils from the Gervilliopsis beds ( f-g) 2, 23, and 3 miles north of Denison, Texas. 


Serpula sp. 

Epiaster sp. (probably young of E. ele- 
gans). 

Leiocidaris hemigranosus Shumard. 

Ostrea quadriplicata Shumard. 

Ostrea diluviana Lamarck. 

Ostrea carinata Lamarck. 

Plicatula dentonensis Cragin. 

Neithea texana Roemer. 

Gervilliopsis invarginata White? (frag- 
ments). 


Trigonia emoryi Conrad. 

Ptychomya ragsdalei Cragin (same as in 
Main Street limestone). / 

Protocardia texana Conrad?. 

Cyprimeria sp. 

Tapes dentonensis Cragin. 

Turritella marnochi (White). 

Turritella sp. 

Cinulia sp. 

Schloenbachia sp. (fragment of young 
specimen ). 


‘ 


Nucula sp. 


The Gervilliopsis bed g forms a very persistent paleontologic 
horizon as far south as Fossil Creek, in Tarrant County. 

_h. Above the Gervilliopsis bed in the Red River section there are a 
few feet of brownish, argillaceous, calcareous marls without any well- 
defined paleontologic characteristic. At Fort Worth, according to 
Taff’s section, there are 25 feet of sandy clay marl between the Fort 
Worth limestone and the Gryphewa washitaensis agglomerate. This 
represents the thickness of beds f, g, and h in the Fort Worth section, 
but has not been recognized south of that locality. 

i. (Horizon of Grypheea washitaensis with O. carinata.) This is one 
of the most persistent and conspicuous horizons in the Washita divi- 
sion. In the Denison section it consists of a number of well-defined 
flag-like layers of a shell agglomerate, made up almost wholly of G. 
washitaensis in which O. carinata and O. subovata occur occasionally. 
This agglomerate is persistent throughout the Washita division in this 
relative position as far south as the Colorado. At Fort Worth it may 
be seen in the railway cuts in the southern part of the city. South of 
the Brazos it still persists, but is there included with the Georgetown 


1Beds f, g, h, and iof this group correspond to the Denton marls of Taff. 


TWENTY-FIRST ANNUAL REPORT PART Vil PL. XXXVI 


U. S. GEOLOGICAL SURVEY 


CHARACTERISTIC FOSSILS OF THE LOWER DENISON BEDS, 


1, Ammonites (Schloenbachia) leonensis Roemer; 1a, side view of 1; 2, Ostrea (Alectryonia) carinata Lamarck; 3, Grypheea 
washitaensis Hill, 4, Epiaster elegans Shumard. 
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formation, being still recognizable at Austin as a conspicuous horizon 
composed of the characteristic shell breccia, as may be seen in the 
Sixth street cut of the International and Great Northern Railroad. 
Beds f, g, and h do not occur in the southern region. 

Distribution and occurrence.—The Denton beds are well-defined only 
in the region north of Trinity River. They crop out in the bluffs of 
Red River from the upper end of Preston Bend, north of Martin 
Springs, in Grayson County, to Browns Ferry, in Cooke County. 
West of the latter place the Fort Worth formation also appears in the 
bluffs. They also have considerable development in the opposite side 
of Red River, in the Chickasaw Nation. At Browns Ferry, according 
to Mr. Taff’s section, they have a thickness of 42 feet (see section No. 
30, p. 269). 

Turning southward with the strike through Cooke, Grayson, and 
Tarrant counties, these beds are exposed as far south as Trinity River, 
making the narrow strip of open prairie land, characterized by its fer- 
ruginous soils, immediately east of the narrow strip of Fort Worth 
limestone. On Denton Creek, in Denton County, according to Taff’s 
section (see section No. 31, p. 270), they consist of 35 feet of strata 
maintaining the same general sequence as at Denison. In the Fort 
Worth section on the Trinity the ferruginous and sandy elements have 
greatly diminished, and the subgroup is represented by about 35 feet 
of sandy marl and shell breccia. Southward these beds continue to 
thin very gradually. At the Brazos, through decrease of ferruginous 
discoloration, they assume the lithologic facies of the Fort Worth lime- 
stone, until finally, in the Austin or Colorado section, they so com- 
pletely coalesce lithologically with the Georgetown limestone that they 
are no longer identifiable or separate from it, the ferruginous and 
arenaceous elements having entirely disappeared, although the charac- 
teristic G. washitaensis breccia with O. carinata persists. 

The last indication of differentiation of the Denison and Fort Worth 
beds of the northern section from the Georgetown beds of the south- 
ern section, as observed by Taff, is seen in the bluffs of Brazos River, 
between Cow and Little Rocky creeks, in Bosque County. Here a 
brown, ferruginous limestone layer 6 inches thick, associated with 
arenaceous and argillaceous marls, occurs at the top of the Fort Worth 
limestone. Above this zone there is a thickness of 30 feet of Zere- 
bratula wacoensis limestone (0’), characteristic of the Main Street lime- 
stone formation. A similar ferruginous limestone was observed in 
the bluffs of Noland River, 3 miles south of Cleburne, Johnson 
County, in which O. guadriplicata of the Denison beds occurs. At 

Cleburne Hxogyra arietina (0) occurs in clays and marls, overlying 
the Zerebratula limestone. This is the most southerly known occur- 
rence of the Denison beds in their characteristic aspect as seen in the 
north Texas section. 
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WENO SUBGROUP. 


This subgroup attains its maximum development in the Denison 
section, where it includes all the beds between the top of the G. wash- 
ituensis agglomerate and the top of the Quarry limestone. It is well 
developed in the Red River region, where its several beds are impor- 
tant stratigraphic units, but these lose individuality southward across 
the State. 

The Weno formation is characterized by a littoral fauna of many 
small species occurring in great quantities in certain horizons, notably 
O. quadriplicata and certain ammonitic forms of the Hngonoceras 
type, which are now being studied by paleontologists. 

Character of beds at Denison.—In the Denison section these beds 
embrace several well-defined members, j] to m inclusive, consisting of 
very ferruginous brownish marls, with occasional persistent harder 
beds, such as large lens-shaped segregations, beds of ferruginous 
sandstone, impure limestone, etc., all of which are locally persistent 
and some very conspicuous. The indurated beds of the Denison sec- 
tion are interesting. One of these indurated layers (bed m), 80 feet 
below the summit (j), is especially noticeable, inasmuch as it consists 
of large lenticular indurations of a clay ironstone which are thinly 
laminated and break into sheets along the line of lamine. These con- 
cretions are blue interiorly and brown exteriorly, and are often 4 or 5 
feet in diameter. About 22 feet below the indurations, or 104 feet 
below the Quarry limestone (m), there is another indurated bed, con- 
sisting of sandstone as exposed near the cemetery gate north of Deni- 
son. Below this, extending down to the O. carinata beds (i), there are 
brown clay marls to a depth of abont 22 feet. 

In the Denison section the strata of the Weno subgroup are 
clearly defined and easily recognizable. Southward toward Fort Worth 
they lose their individuality, after the disappearance of the Quarry 
limestone in Denton County, which to the northward separates the 
Weno from the Pawpaw formation, as shown in the following section 
of Clear Creek, in Denton County (see section No. 32). Furthermore, 
the limestone element increases proportionately until the lithologic 
character so changes that along the banks of the Trinity the beds some- 
what resemble the underlying Fort Worth beds (see Fort Worth sec- 
tion, p. 279). 

In the bluffs of Clear Creek, north and northwest of Denton, only 
the beds k, 1, m, and n are well exposed. In Denton Creek bluff, 13 
miles north of Denton and Gribble Springs road, the following section, 
given in descending order, is seen: 
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Section No. 32.—WeENo BEDs, CLEAR CREEK, Denton County. 


Total depth 
Thickness. } to bottom 


of stratum. 
Pawpaw: Feet. Feet. 
n. 6. Arenaceous clay marl, estimated.........-...... 35 35 
5. Thin band of fossiliferous clay ironstone, not 
EX CEC CI OEE eee rete ere ces eer ee en a ee ey 5 35.5 
Weno: 
l,m. 4. Fissile, arenaceous clay marl, with thin lJami- 
nated sandstone flags at intervals.........--.- 60 95.5 
3. White, arenaceous shell limestone...........--- 4 99.5 
2. Marly clay with thin ferruginous sandy flags. - -. 15 114.5 
1. 1. Friable, blue, argillaceous-arenaceous lime, con- 
taining very many foraminifers, Nodosaria 
CCLONAN CUC TA mane toiaeia veisiee ot isch iene. 2 116.5 


Section No. 33.—PARTIAL SECTION OF DENISON BEDS ON PILOT ROAD, EAST OF GAINES- 
VILLE, TExAs (BY G. H. RAGSDALE). 


Total depth 
Thickness. | to bottom 
of stratum. 


i : ‘ ung 
o!. Main Street limestone (partial): ron ae 
6. Yellowish limestone with numerous Evogyra arietina 
ennval IOMINGL URUGDADRIG = 5 cases codenuccoses sean s4esce 4 4 


n. Pawpaw formation: 


5. Laminated arenaceous and marly clays, yellow at top, ] 
pleuboe] Ow eae meee eo crete wa larenshe ie Sere Siniere Biola eile 35 39 


j-m. Weno formation: 


4, Limestone with intercalated clay............---.------ 35 74 
Denton formation: | 
i. 3. Agglomerate of Gryphxa washitaensis and O. carinata 4 78 
h. 2. Indurated fossiliferous blue clay ........----..----- 15 93 
5) 94.5 


oulenklacstonel(Genvilliopsis bed) =. 2225222225 5-2--52=- =. 


Quarry limestone (m).—This is a persistent band of siliceous lime- 
stone, which is notable in the series of otherwise unconsolidated beds 
and is the chief building stone in the country underlain by the Deni- 
son beds. Its interior portion is steel-blue in color, but it is oxidized 
for a depth of 2 or 3 inches from the surface into a chrome yellow. 
Its thickness at Denison is about 1.7 feet. This is an especially con- 
spicuous formation within the relatively limited area of its occurrence, 
although at no place over 2 or 3 feet in thickness. It is very arena- 
ceous, and might as well be considered a sandstone as a limestone. It 


5 


976 BLACK AND GRAND PRAIRIES, TEXAS. 
is accompanied above by great quantities of the peculiar Ostrea quad- 
riplicata. 

This formation is practically limited to the Red River counties and 
southern Chickasaw Nation. It begins in Texas at Carpenters Bluff 
of Red River, 7} miles east of Denison, where it makes the flat, rocky 
surface of the stream bed for nearly 700 feet. The western end of 
this outcrop is capped by alluvium. At the lower end are blue shales 
with large, fissile concretions. The dip here is southeast, 32 feet in 100. 
It outcrops along the bluff of Red River toward Denison and is exten- 
sively quarried in the eastern portion of that city. The outcrops also 
continue at many places west of that city until the Cook Springs fault 
is reached. It has not been particularly studied south of the Red 
River counties. It loses its stony character, but persists as a distin- 
guishable paleontologic horizon as far south as Johnson County, where 
there is a bed, described by Taff, from the bluff of Noland River 3 
miles south of Cleburne, consisting of a hard yellow limestone 10 
inches thick, which resembles this stratum. He 

Pawpaw beds (n).—These include the strata between the Quarry 
and Main Street limestones. In the Denison section these are very 
impure laminated sandy clays and sands, dark blue and bituminous 
in places, oxidizing surficially into brown ferruginous colors, very 
much like the Woodbine (Dakota) formation. They are very sandy 
in the upper 5 feet at the crossing of Pawpaw Creek and the Texas 
Central Railway. This aspect is local, however. There are also small 
fragments of lignite in the sands, and the character of the sediments 
appears to be favorable to the preservation of leaf impressions, but 
careful search up to date has failed to discover these. 

The Pawpaw is the most impure of all the Denison beds, and was 
apparently laid down near the shore, being accompanied by beds of 
ferruginous sand, which are not elsewhere found in the Washita 
division. ‘The total thickness at Denison is 45 feet. 

At the base of the Pawpaw, just above the Quarry limestone, are 
lead-colored clay shales with sandy alternations containing innumer- 
able well-preserved nacreous shells, which in some places are replaced 
by pseudomorphs of iron ore. One band, just above the Quarry lime- 
stone, consists of 1 foot or more of impure, friable, ferruginous material, 
containing beautifully preserved fossils. These fossils are especially 
abundant in the lower 12 feet and consist of littoral Mollusca of many 
species. 

In certain clay layers the nacreous shells are preserved with all 
their pearly luster. In sandy layers where ferruginous percolation 
has taken place the shell substance is dissolved and they are preserved 
as casts and molds in an arenaceous matrix of limonitic ironstone. 
Although the writer has several times collected this fauna, he has not 
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as yet been able to secure a final study or enumeration thereof. Many 
of the species have not been described. At present he can only recall 
from memory some of the most typical fossils. Among these may be 
mentioned Ostrea quadriplicata Shumard, Anchura mudgeana White, 
Trigonia emoryt, Protocardia terana Conrad, together with undeter- 
mined species of Corbula sp., Awinewa sp., Volsella sp., Tapes sp., 
Cytherea sp., Tellina sp., Pholadomya (?) postextenta Cragin, Cypri- 
mera sp., Turritella sp., and Ammonites (7?) emarginatus Cragin. 
Mr. Stanton also gives the following list of fossils: 


Fossils from the Pawpaw beds. 


Ostrea quadriplicata Shumard. Astarte sp. 
Pecten sp. small, smooth form, resem- | Protocardia texana Conrad. 
bling one from Blue Cut Mound, Kan- | Tapes (?) sp. 
sas). | Cyprimeria sp. (large specimen). 
Avicula sp. Mactra sp. 
Gervilliopsis or Gervillia (fragments). | Corbula sp. 
Arca sp. Dentalium sp. 
Nucula sp. Anchura mudgeana White. 
Leda sp. | Sphenodiscus sp. (apparently same form 
Leda sp. (another form). that occurs in southern Kansas). 


Most of the species are evidently undescribed. 


Where the Pawpaw beds occur over horizontal surfaces the sandy 
clays weather into a loose brownish sand, which, as in north Denison, 
is covered by forest similar to the main forest belt of the Eastern 
Cross Timbers. This strip of supplemental forest along the western 
margin of the Eastern Cross Timbers, growing upon the Pawpaw 
sands and separated from the main body by the narrow prairie out- 
crops of the Grayson marls, is a phenomenon observable in places as 
far south as Fort Worth and to the northward in Indian Territory. 

At Cold Springs, 4 miles west of Denison, the Pawpaw sands are 
faulted down opposite the Duck Creek limestone. <A bed of lignite in 
bands from 1 to 10 inches thick, a few inches apart, occurs in this 
formation 14 miles west of Martin Springs. This dips south nearly 
80 feet per mile. The thickness from the upper to the lower limit is 
about 40 inches. 


Section No. 34.—Srction oF THE MAIN STREET LIMESTONE AND PAWPAW FORMATION 
on Bra Mrnerat CrEEK, 1} MILES EAST OF CEDAR Mitts. (Tarr.) 
Feet. Feet. 
o.* Main Street limestone, partially concealed here, but fully exposed 
at Cedar Mills, where it contains Exogyra arietina, Ostrea perversa, 
Holectypus charltoni, Holaster completus, and small G. pitcheri.-- 
o.' Limestone: 
Terebratula zone, which includes the upper part of the O. 
quadriplicata and the basal portion of the Exogyra arietina 
IONS cbs de sinks atte ss oe Bae a a 3 
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n. Pawpaw beds: Feet. Feet. 
Culminating Ol quadriplicata bed aee= es Renee eee eee eee 5 
Blue, laminated, arenaceous clay marl, containing lenses and 
nodules of clay ironstone occurring in disconnected layers and 


‘Pachiydiscus spend eenotocand ape ee ee. ee ae 35 
40 
m. Quarry limestone: 
Band of O. quadriplicata in ferruginous limestone. --.-.---.------ 1 
j,k, 1. Weno formation (upper part): 
Blue laminated imarl!.2. 22532 eee Ceeeeeentneee ac aace sec 1 
Arenaceous) lisnitic clay; see —eee eee eee eee eee = 1 
Blueilaminated marl sees ee eee eee ee 1 
i. Limestone, the Alectryonia fossils forming the mass of the rock. ---.-.- 1.5 
h. Blue marl, extending to base of creek....-...----..-.----.-------- 5 
10.5 
Total thickness:.25: 2.22 See ee eee eee ee eee eee 53.5 


The Pawpaw beds occur rather extensively in the southern part of 
the Chickasaw Nation as a narrow belt just to the north of the Eastern 
Cross Timbers hills, north of old Fort Washita. They also occupy a 
considerable area between Marietta and Red River. 

These beds occur in a narrow north-south strip from Red River to 
the Trinity, which is first encountered about 8 miles east of Gaines- 
ville. At this locality there are many ferruginous slabs, made up of 
exquisite casts of the characteristic fossils. Southward these beds 
gradually lose their sandy nature. 

The following section, by Taff, in Denton County, shows their mod- 
ified character in that region: 


Section No. 35.—SeEcrion oF PAWPAW FORMATION AT CLEAR CREEK, DENTON CouNTY, 
TEXAs. 


1 
Total depth 

Denton and Pilot Point road, in descending order. Thickness. | to bottom 
of stratum. 


o. Main street formation: hee | oe 
6. Terebratula zone (o!), partially concealed by broken 
débris and soil, Evogyra arietina and Terebratula 
wacoensis associated at the upper border of the lime- 

stone; estimated! <2 2 2. aoe e eee ee 


Or 
ov 


n. Pawpaw formation: 
5: Manly clay, partially iconcealedie = see. =-== eee eee 25 30 


4. Thin bands of arenaceous fissile clay and layers of 
laminated friable brown sand, 6 to 10 inches thick- - - 4+ | 34 


3. Friable laminated blue clay with numerous layers of 
soft sandstone:< 222.22 Seon ee ceo eee eee 5) 39 


m. Weno formation: 


2. Ferruginous shelly clay, composed of fragments of 
Ostrea quadriplicata shells and casts of small bivalves 
in a ferruginous clay-lime cement (quarry limestone 
hOriZOn)) (eee es oe ee ee ee pe ae 1 40 


1. 1. Blue, fissile, arenaceous clay, with occasional thin 
bands of ferruginous sandstones and seams of clay 
ironstone nodules extending to the base of the creek. 22 62 
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Srcrion No. 36.—EQUIVALENTS OF THE WENO SUBGROUP IN THE Fort WoRTH SECTION; 
DENISON BEDS BELOW Maryn STREET LIMESTONE AND ABOVE THE DENTON FORMA- 
TION; BLUFFS OF TRINITY River 4 MILES EAST OF Fort Worrtu. 


Total depth 

Thickness. | to bottom 

of stratum. 

Feet. Feet. 
19, A space of a few feet concealed between Nos. 18 and 20. -.|......--:-|---.------ 
1m Mellowish-=whitelimestone ......-.-...225520.-224-2-25- il il 
17. Dull reddish-blue, very argillaceous marl, a few feet thick. | 7 
16. Yellowish-white limestone in-layers....................- 1 8 
15. Dull-blue to reddish-blue argillaceous marl, finely lami- 
nated; on decomposing it turns a deeper red color ...-- 25 33 
14. Marly lime and harder limestone in thin sheets----.------ 1 34 
13. Bluish marl, partially concealed near the center---------- 8 42 
12, lel lane IithnSsHwoOIN®.. . 6 ao ssoenese sees else doe ase aanee 1 43 
11. Marly lime and hard, buff-colored limestone, alternating. - 10 53 
Oem Wiloitesharcdelimestomet meer et=- 20 cess coe meena ae 1 54 
@), IBIS Soni. IMoiny SaeWel oo ooo nse ene eee ae 5 | 59 
8. Compact, white limestone, single layer............---.--- 1 60 
(je briablesargillacecousilimestome 25-222. 2.2-22-24eeeecee 25 85 
Denton formation. 


In the Clear Creek section, Denton County, there are about 52 feet 
of impure strata with a strong arenaceous element, which represent 
the Weno and Pawpaw beds. In this section the arenaceous character 
is also preserved. 

In the Fort Worth section this formation has almost entirely lost its 
excessively arenaceous character, and is represented by about 85 feet of 
yellowish marls alternating with thin limestone. The beds continue 
to thin and lose their older littoral aspect southward toward the 
Brazos, the Ostrea carinata horizon of the underlying Denton beds 
and the Avngena and Hxogyra arietina horizons of the overlying Main 
street beds constantly but gradually converging until they meet south- 
ward, where they are in close proximity at the Brazos. 

The Weno and Pawpaw beds have not been specifically separated by 
surveys south of Red River. Their consolidated representative pre- 
serves its identity as far south as the southern edge of Tarrant County, 
but in this region they lose the sandy element, as will be seen by the 
Fort Worth section (section No. 36). Their outcrops are character- 
ized by a narrow outlying belt of the Eastern Cross Timbers, which 
grow upon them, as seen just east of Handley Station on the Texas 
and Pacific Railway, 7 miles east of Fort Worth. The formation com- 
pletely loses its identity south of the Brazos, being no longer distin- 
guishable paleontologically or lithologically in that direction. The 
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Weno subgroup as a whole loses its thickness and individuality to the 
south. 

In the Austin section there is no member corresponding either 
lithologically or paleontologically with these beds, the position of 
which is there occupied by the entirely different Del Rio clays, which 
carry the fossil fauna of the overlying Pottsboro group. 


POTTSBORO SUBGROUP. 


Divisions, character, and occurrence.—Vhis subgroup of the Denison 
beds presents two conspicuous members which grade into each other. 
The lowest of these, the Main Street,’ is a hard limestone formation: 
the upper, the Grayson marl, is mostly marl, with an occasional and 
exceptional limestone layer. 

A marked lithologic change occurs in the Denison beds of the Red 
River sections above the Pawpaw formation. The dark ferruginous- 
arenaceous clays give way to the lighter-colored and more calcareous 
limestones and marls of the Main Street and Grayson formations, 
while paleontologic differences also occur. 

These beds are typically developed along Red River in Grayson and 
Cooke counties, where they constitute well-defined, mappable units, 
but gradually change in lithologic nature to the south. Finally, when 
the Colorado section is reached, their positions are occupied by forma- 
tions which are directly opposite in nature to them, as they are on Red 
River. The place of the lower or limestone member of the Red River 
group is there occupied by an unctuous clay formation, while the place 
of the overlying Grayson marl is there represented by a limestone. 
This peculiar phenomenon will be further explained in the detailed 
descriptions of the members of the section. 

Main Street limestone (o).—In the Red River sections the Main Street 
limestone constitutes a very conspicuous formation, not only on account 
of the hardness of the strata, but because of its effect as a topographic 
factor. It consists of coarsely crystalline, bedded, brecciated white 
limestone, which, on oxidation, turns deep yellow, showing much more 
ferruginous coloring than any of the other limestones of the Comanche 
series. Jt occurs in strata of various thicknesses. Usually there are 
more massive beds at the base and thinner strata at the top, with ocea- 
sional sandy marl layers. The formation nowhere aggregates more 
than 25 feet. Taff notes a thickness of 23 feet at Rock Creek, Gray- 
son County. At Denison 15 feet have been noted. 

This limestone has its typical and characteristic outcrop along Main 
street, Denison, the principal highway of that city, which runs in an 
east-west direction. It is beautifully exposed also in the extreme east- 
ern suburb, in the cuts of the road and in the bluffs of the tributaries 


1So0 called from Main street, Denison, Texas, which thoroughfare follows the outerop of this forma: 
tion. 
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CHARACTERISTIC FOSSILS OF THE UPPER PORTIONS OF THE DENISON BEDS. 


1, Gryphzea mucionata Roemer; 2, Exogyia arietina Roemer; 3, Turrilites brazoensis Roemer; 4, Ostrea quadriplicata 
Shumard; 5, Terebiatula (Kingena) wacoensis Roemer 
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of Pawpaw Creek. The Main Street limestone in western Denison 
may be seen in the vicinity of the limekilns near the end of Tone 
avenue, where it is nearly 10 feet thick. 


Section No. 37.—SkEcTIon oF Marin STREET LIMESTONE AND GRAYSON MARL AT BRIDGE 
on CHocraAw CREEK NEAR DENISON, ON DENISON AND BONHAM ROAD. 


Feet. 

p. Grayson marl: Yellow marl and limestone in alternate strata, containing 

Turrilites brazoensis?, Gryphxa mucronata, O. subovata, Cyprimeria sp.?, 
echinoids, Cardium hillanum, Ostrea sp.?, and Nautilus sp.? ------------- 5 

o. Main Street limestone: Limestone with Exvogyra arietina (0), which grades 
Cpwandenctonywibitelimestone and marle "20524232 sees soseee secre. ae 12 
dime stone swiAllleelencOnaeila ACCESS) (Ob) e228 os 2am eee se eee oe eae 4or5 


n. Pawpaw beds: (See sections. ) 


West of Denison the Main Street limestone outcrops in several 
places north of the Missouri, Kansas and Texas Railway from Denison 
to within 25 miles east of Pottsboro. It is exposed at old Georgetown, 
Grayson County, on a branch of Little Mineral Creek and one-fourth 
of a mile northwest and south of Cedar Mills. Taff gives the follow- 
ing section of the Main Street limestone on Rock Creek in northwest 
Grayson County : 


Srcrion No. 38.—SrEcrion oN Rock CREEK, GRAYSON County, TEXAS. 


Total depth 
Thickness. | to bottom 
of stratum. 
é Feet. Feet. 
p- Grayson marl: Light-yellow marl, with bands of limestone 
and great numbers of G. mucronata, the upper portion 
COMNEBMIGE . ces SS h550-054555 See eee 15 15 
o*. Main Street limestone: Beginning at the base with com- 
pact yellow shell limestone and grading upward into 
friable marl. Kingena wacoensis occurs in the lower 
portion, while Lxogyra arietina ranges throughout. ---.. | 18 33 
o'. Arenaceous shell limestone with O. quadriplicata and O. 
subovata at the base, and Hwvogyra arietina and Kingena 
PEC COCTISISISUCCEE MIN Deere meee re clas ene cess oe 5 38 
n. Pawpaw formation: 


In southern Indian Territory and from Red River southward the out- 
crop of the Main Street limestone (characterized by the fossils Hxogyra 
arietina and Kingena wacoensis) occurs well within the western margin 
of the Eastern Cross Timbers. It is met with in the belt of the Deni- 
son beds extending across southern Indian Territory, notably along 
the northern edge of the timbered hills of Fort Washita. 

The exposure of the Main Street beds can be followed southward 
from Red River, through Cooke, Denton, and Tarrant counties, as a 
belt of outcrops just within the western margin of the Eastern Cross 
Timbers. Along this line the percentage of the limestone constantly 
decreases and the marls correspondingly increase. 


5 
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The Main Street limestone is exposed at various places in Cooke 
County, notably capping the bluffs of Red River, 6 to 12 miles east of 
Gainesville and 2 miles west of Dexter, in Cooke County, where the 
lower 15 feet of the bed is usually a friable and semicrystalline lime- 
stone. It is seen in a bluff of Ox Creek on the Gainesville and Pilot 
Point road. It occurs in the western edge of the Eastern Cross Tim- 
bers 2 miles west of Dexter, in the extreme northeast corner of Cooke 
County, as a bed of light-blue limestone 10 or 15 feet thick. Zzogyra 
arietind composes the mass of the rock. With it occur 7erchratula 
(Aingena) wacoensis, Ostrea sp., and Ammonites. 

The Main Street limestone is exposed on Marshall Branch northeast 
of Roanoke, Denton County, beneath about 50 feet of the Grayson 
marls. Itis 15 feet thick at this locality. Nearly 4 miles east of 
Birdyille there isan outcrop of crumbling stratified limestone belong- 
ing to the Main Street subdivision. At Handley, 7 miles east of Fort 
Worth, the surface wells penetrate the formation, which is about 25 
feet thick. 


a Tv OO a / 2 \ 
Secrion No. 39.—MatIn STREET LIMESTONE IN BLUFFS OF THE TRINITY RIVER 6 MILES 
EAST OF Fort WorrH. a 


Total depth 
Thickness. | to bottom 
of stratum. 
: Feet. Feet. 
23. Yellowish-white, crumbling limestone, with Terebratula 
wacoensis and Exogyra arietina commingled......------- 3.5 3.9 
22. Compact yellowish - white limestone, with TZerebratula 
WCCO CTISTS ee Renee P Pe ae lla key eS EIR Bey Ces ea Oe ee 3 6.5 
21. Blue, laminated, friable, argillaceous marl . ,....--.-.----- 1 7.5 
20. White, compact limestone, bearing Terebratula wacoensis 
anid Garrilites OnaZOGNSisaer see = ee eee eee 15 22. 9 
A few feet at the base not exposed. 
! 


a These limestones are only a few feet beneath the town of Handley, as shown in a well at that place. 


This limestone is near the surface at Handley Station, and is well 
exposed in a railroad cut three-quarters of a mile to the east. 

The whole thickness of the Main Street bed is exposed in the bluff 
of Village Creek south and east of Burleson, in northern Johnson and 
southern Tarrant counties. Here the rocks containing Hxogyra ari- 
etinw are quite compact, with thin layers of limestone at the base. 
The central layers are stratified, yellow, friable, argillaceous limestone, 
while the upper portion is composed of friable and very argillaceous 
lime or calcareous clay containing Grypheu mucronata, ete. North of 
Cleburne the Main Street horizon is represented by 5 or 6 feet of lime- 
stone. Terebratula wacoensis and Kxrogyra arietina occur together. 
In a branch of Noland River on the east side of Cleburne the basal 
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layers of the Main Street beds are exposed, showing arenaceous and 
argillaceous lime in hard and soft layers. Only a few feet at the base 
can be seen. South of the Brazos, however, the limestone element 
entirely disappears and the Del Rio clays ensue. 

Paleontologic features.—The limestone contains many large casts 
of unstudied Mollusca. Casts of a very large Cerithium are found. 
Among other species may be mentioned a large Zurritella, Pachymya 
austinensis Shumard, Ptychomya ragsdalei Cragin, Hxrogyra sinuata 
americana Marcou, Ostrea quadriplicata Shumard, Terebratula waco- 
ensis, and Hxogyra arietina. 

The thin bands of the upper part of the formation contain Ve/thea, 
echinoids, an alectryonate oyster, Ostrea quadriplicata, and Exogyra 
arietina. Below this are thin bands of harder limestone, yellow on 
surface, blue interiorly. Still below the latter there is a thicker band 
of yellow limestone, 4 or 5 feet thick, which contains Avngena wacoen- 
sis, Neithea, Exogyra arietina, echinoids, and Ostrea quadriplicata. 
This lower band may be designated the zone of Avngena wacoensis. 
Kingena wacoensis is always found in these lower, thicker limestones, 
while Lixogyra arietina, as will be noted, occurs in the higher strata. 
The forms are associated in the medial beds. These two fossiliferous 
zones are important bench marks for correlation purposes, as will be 
shown later. Mr. Stanton has kindly identified the following forms 
from the beds at Denison: 


List of fossils from tre Main Strect limestone. 


Cyphosoma yolanum Cragin. (Identified | Trigonia emoryi Conrad. 


by Prof. W. B. Clark. Ptychomya ragsdalei (Cragin). 
Enallaster sp. (Closely related to E. | Protocardia texana Con. ? 

obliquatur. ) Cyprimeria sp. Large species. 
Kingena wacoensis (Roemer). Pholadomya sp. (Related to P. sancti- 
Ostrea quadriplicata Shumard. sabze Roemer. ) 
Exogyra drakei Cragin. | Turritella sp. (Related to T. leonensis 
Exogyra arietina Roemer. Con. ) 
Plicatula sp. | Turrilites brazoensis Roemer. 


Neithea texana Roemer. 
Cuculleea sp. 


Nautilus sp. 


Del Rio clay.—Before discussing its relations to the Main Street 
formation it may be well to describe the Del Rio clay as it occurs at 
Austin, where it is typically exposed. This formation, which occurs 
south of Brazos River, may be considered as the southern extension 
of the Main Street limestone of the northern section, into which 
it passes by gradual and horizontal transition. It is an especially 
important landmark in the southern sections, marking a break in a 
monotonous sequence of limestone beds, and possessing lithologic and 
paleontologic characters which render it easily recognizable. 


284 BLACK AND GRAND PRAIRIES, TEXAS. 


It occurs ina narrow strip of prairie belt directly east of the George- 
town limestone and west of the Eagle Ford Prairie, the Western Cross 
Timbers having disappeared as a topographic landmark south of the 
Brazos in the region of the occurrence of this clay. 

In general the prairie strip occupied by the Del Rio clay is char- 
acterized by superficial irregularities known as *‘ hog wallows,” and 
is covered by a dense growth of shrubby mesquite trees. The soil 
is also deeper and of a blacker color than that of the stony and more 
chocolate-colored surface of the Fort Worth limestone. 

At Austin the clay is some 80 feet thick in the west bluffs of Shoal 
Creek in the northwest part of the city, and at Fish Pond Bluff on the 
south side of the river just above the mouth of Barton Creek. 

The formation is composed almost entirely of a peculiar greenish- 
blue, unctuous, laminated clay, gypsiferous in places, but apparently 
freer from carbonaceous matter such as characterizes the Denison beds 
of the northern section. When freshly exposed these clays are of a 
light bluish-gray color. They lose their original character very rap- 
idly upon exposure, becoming dull yellow and making a black soil: 
They are accompanied in places by thin slabs of shell breccia com- 
posed of Hxogyra arietina, forming massive agglomerates seldom 
over 6 inches in thickness. (See Pl. XX XVIII.) Thin laminations of 
impure ferruginous, sandy limestone also occur occasionally near the 
top of the formation. The clay carries iron pyritesin places. When 
the clay disintegrates these particles of pyrites oxidize and decompose, 
and the iron rust gives the dry surface of the clay beds a dull yellow- 
ish color. At the same time the sulphur component of the pyrites 
combines with the lime of the fossil shells and forms gypsum. Crys- 
tals of selenite from this source occur in abundance on the surface and 
are disseminated in the clay and in joints and small fissures at a cer- 
tain stage in the disintegration of the clay into soil. Laminations also 
show in the clay on freshly weathered surfaces. These are especially 
apparent in the upper portion of the clay, where the flaggy layers 
occur. 

The chief and most readily distinguishable feature of the clay, 
whereby it may always be easily identified, is the presence in enor- 
mous quantities of the unique and easily recognizable fossil known as 
Exogyra arietina Roemer. This little oyster occurs by the millions 
in certain portions of the clay, either as consolidated sheets of agglom- 
erate oras separate individuals, which often weather out so abundantly 
as to cover the entire surface of the exposure. (See Pls. XVII and 
XXXVIIL) Attached to these shells, especially to the umbonal 
region, are small cubes of iron pyrites, the decomposition of which 
has been described. 

Paleontology and fossil horizons.—This clay is abruptly limited 
above and below by limestone formations. The limestone upon which 
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it rests is usually a massive stratum largely made up of the fossil 
Kingena wacoensis. ‘This limestone is stratigraphically the top of the 
Georgetown limestone, but the fossil zone which it represents is the 
base of the Main Street limestone of the Red River section. 

The Kingena limestone horizon is compact, while the clay is friable 
in structure and disintegrates readily when exposed. The fossils of 
the limestone extend for several feet up into the clay, mingling freely 
with Hrogyra arietina. The characteristic Exogyra arictina occurs 
wherever the bed is found and throughout the clay, but its zone of 
greatest prevalence is near the center of the bed. Through a range 
of nearly 15 feet from the center of the bed upward this beautiful 
fossil is found in countless numbers in the clay and forms masses of 
rock. 

Above the culminating zone of HKrogyra arietina the clays are 
somewhat barren of fossils until near their summit, where they 
become slightly arenaceous and contain impure limestone slabs bear- 
ing other fossils, such as Zurritella, Lima, and Neithea. Among 
these there are occasionally found casts of the stem of a fossil plant 
(Lquisetum). 

In the uppermost layers of the clay are many specimens of Gryphea 
mucronata with Pecten and Ostrea sp. ind. These weather out of the 
clay. The grypheas increase in numbers upward to the parting 
between the clay and Buda limestone, where they form a coating on 
the base of the limestone and extend up into it. 

The formation outcrops at many places from the Colorado north- 
ward to the Brazos, being exposed along a narrow belt on the down- 
thrown side of the Balcones fault zone. North of the Brazos, in 
Johnson County, it begins to assume the character of the Main Street 
limestone, and until further investigation the writer could not apply 
the name Del Rio to any beds north of McLennan County. 

Nine miles west of Ross Station the Del Rio clay and shale occur in 
perfect contact with the Fort Worth limestone. The section here, 
according to Taff, is as follows : 


Section No. 40.—DrEt Rio cLay wesr or Ross Srarion, Texas. 


| Total depth 
Thickness. | to bottom 
of stratum. 


| 

: | Feet. Feet. 
Alluyium 
Del Rio clay containing abundance of Exvogyra arietina -..---- 60 70 


Basal third of this clay is marked by ammonites, with 
oysters in the upper beds. 


Fort Worth limestone 70 140 
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The base of this section is the level of Brazos River. The upper 
edge of the clay is lithologically the same as at Austin, but as one 
descends it gradually changes from a stratified clay to persistent fissile 
clay containing agglomerates of the oyster. This shale gradually 
passes upward into thinly stratified limestone. 

Details of occurrence.—Two miles north of the mouth of Childress 
Creek, McLennan County, the Del Rio clay is 60 feet thick. The 
formation outcrops between the forks of the Bosque, where it occupies 
a large, flat prairie area upon which the growth of mesquite bushes is 
very thick. Probably a more characteristic outcrop of this clay is 
that seen farther to the south, about Moody and east of Belton. 
Here the beds outcrop along a considerable scarp which overlooks 
the Fort Worth limestone to the West. 

The Del Rio clay forms the bluffs of the south bank of San Gabriel 
River, two or three miles below Georgetown. Its occurrence in the 
base of the river is concealed by the lake formed by the dam of Town’s 
mill. It is about 75 feet thick at this locality. The bed is also well 
exposed south of Round Rock, in the northern part of the Austin quad- 
rangle. It is then cut out by faulting, reappearing at the Colorado as 
described at Austin. The clay crops out in the escarpment slopes 2 
miles east, southeast, and south of Georgetown. It approaches the 
Georgetown and Round Rock road 3 miles south of Georgetown, and 
continues in a narrow belt of exposure nearly due south to Brushy 
Creek at Round Rock. At this point it is nearly concealed by the 
downthrow of the Balcones fault, only about 10 feet of the upper edge 
of the clay remaining at the surface. 

Grayson marl.—The Main Street limestone is succeeded in the Deni- 
son section by the Grayson marls. (See Pl. XVIII, A.) These are light- 
colored fossiliferous clays with many small lumps of lime and much iron 
pyrites. The outcrops of these marls are usually covered by ferrugi- 
nous sandstone and other débris of the overlying Woodbine formation, 
and their contact with that formation and relations to it throughout 
have not been satisfactorily ascertained. It is still a question whether 
there is unconformity between them or whether the one passes into 
the other. The writer has tentatively maintained the first hypothesis, 
and a section published by Taff is somewhat confirmatory of this con- 
clusion.’ The débris of the Woodbine is scattered over the parting so 
completely in most places that the contacts can not be seen. Further- 
more, the Grayson marl is usually so concealed by this débris that 
it outcrops only in a few disconnected places where erosion has cut 
through the veil. 

Wherever the Grayson bed is exposed it forms spots of prairie land 


1 Fourth Ann. Rept. Geol. Survey of Texas, Austin, 1892, p. 282. 
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within the western margin of the Eastern Cross Timbers. The typical 
exposure of the Grayson formation is in an abandoned cutting of an 
old unused railway grade in the southeastern portion of Denison, dis- 
covered by Prof. F. W. Cragin, who first named this formation.’ 
Here it is very fossiliferous, being characterized especially by Gry- 
phea mucronata and a form of Turrilites (see Pl. XX, fig. 3). 

One and one-half miles north of Pottsboro there is a good exposure 
of the Grayson marl containing Hoplites teranum ot Cragin, Vautilus, 
and G. mucronata. Two and one-half miles north of Pottsboro 
branch of Little Mineral Creek 35 feet of Grayson marl upon the 
Main Street limestone are shown. 

One-fourth of a mile northwest of Cedar Mills the Woodbine is seen 
in contact with Grayson marl and Main Street limestone. Fifteen 
feet of the Grayson marl are also exposed on Rock Creek in north- 
west Grayson County. 

The following section by Taff, made at Elm Creek, at the crossing 
of the Missouri, Kansas and Texas Railway in Denton County, is an 
excellent example of the character of the Grayson marl: 


Section No. 41.—GRaAyson MARL, ON EtmM CREEK, AT THE Missourr, KANSAS AND 
Texas Ramnway crRossine (TAFF). 


Total depth 
Thickness. | to bottom 
of stratum. 


| Feet. Feet. 
8. The creek drift on eroded surface of limestone at top of , 
DoUiigemreee ees oye ate Sel a Sea ants a/be ew mscoetnt eee enter 10 10 


7. Limestone and marl, in layers varying in thickness from 3 
inches to 1 foot, with Pecten, G. mucronata, Cyphosoma 


COLL 6 B55 5 cup bs DoE SPE Ser CREE ote ne er ee a) 10.5 
6. Marly limestone, with Hoplites teranus..........-.------ E 5 ual 
i, IE ole Inclonelllbr WieWel 63 eee ae ac uss ea aonnoooedacn : 2 13 
APee LIME SLOM Cmnreeere ers pSae iy hee ae eee eee 25 13. 25 
3; Ieee sooenall, Who CS WOOKEROMGIG! oso 5 dnososs ses coun se5KSKe 2 15. 25 
2. Alternating limestone and marl, in twelve layers of equal 

thickness, containing Turrilites brazoensis, Gryphxa pitcheri 

(Vola phase), Nautilus sp.?, Hoplites texanus, Trigonia ; 

CMOTUU MAM OGL CCIE eee oscil nee cet re seats a ee ke 6 PAL, Yala) 
1. Friable blue marl, containing G. mucronata to water level. | 8 29. 25 


? and G. mucronata occur 


Turrilites brazoensis ?, Pecten texanus : 
throughout the section. 
On Marshall Branch, northeast of Roanoke, the débris of the Wood- 


bine formation conceals the upper border of the Grayson formation. 


1Colorado College Studies, Colorado Springs, Colorado, 1894, p. 43. 
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Below this there are from 45 to 50 feet of yellow clay and blue clay 
marls containing Zurrilites, Gryphwa mucronata, Ostrea, Pecten, ete. 
This rests on 15 feet of the Main Street limestone. In the bluffs of 
Denton Creek, 2 miles below the Missouri, Kansas and Texas Railway, 
38.5 feet of the Grayson marls are shown above the uppermost limit 
of the Lvogyra ariectina zone of the Main Street limestone. The same 
character of Main Street beds, with little variation from that above, 
is maintained in the bluffs of Trinity River from a point 6 miles east of 
Fort Worth to Randall. East of Handley Station about 1 mile these 
marls occupy a prairie area well within the western margin of the 
Eastern Cross Timbers. They are 50 feet or more in thickness and 
very fossiliferous. 


BUDA LIMESTONE! OF SOUTHERN SECTION, 


RELATIONS, STRATIFICATION, AND MICROSCOPIC STRUCTURE. 


The Grayson marl ceases to be recognizable by lithologic character 
south of the Brazos. “Thence south its position is occupied by a lime- 
stone formation which progressively becomes more and more clearly 
defined and of more marked individuality in that direction. For this 
the name Buda limestone is used. (See Pl. XVIII, A, and Pl. XX, /’) 
This formation for many years has been known in Texas as the Shoal 
Creek Jimestone, as originally named by the writer. Recently it was 
ascertained that this name was preoccupied. Hence a new name for 
the formation became necessary and the term Buda was selected, as 
the formation is well displayed in the vicinity of the town of that name. 

The Buda limestone may be defined as the uppermost of the three 
formations of the Washita division throughout southern Texas, where 
it is also the final bed of the Lower Cretaceous, occupying the same 
position in the southern section relative to the series as do the Gray- 
son marls of the northern section, the one probably being the seaward 
extension of the other. 

The chief exposures of the Buda limestone are in the steep scarps of 
Shoal Creek, in the city of Austin, and in the bluffs of Bouldin Creek 
and the outer borders of Barton Creek Valley, on the south side 
of the river. At these localities it forms picturesque precipitous 
bluffs with toppling projectings, owing to its jointed structure and 
the undermining of the clays of the underlying Del Rio formation. As 
the clay beneath gives way the bowlders, fragments of the Buda lime- 
stone, fall down and often veneer the bluff or escarpment face of 
the clay. The débris often remains on the surface of level areas 
of the Del Rio clay in places where the cliffs have long been receding. 

This limestone is stratified in massive layers 2 to 6 feet or more in 
thickness. The strata are of varying hardness and consistency, some 
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weather into shattered, lumpy material or disintegrate readily through 
chemical action into an efflorescent powder which causes such strata, 
when protected by a harder layer above, to recede from the general 
vertical profile of the bluff, thereby forming bluff caverns overhung 
by ledges. 

The outcrops of the more persistent ledges oxidize to darker colors, 
but often strong yellow, orange, and white prevail. On fresh fracture 
the stone is light yellowish drab, with many small specks or spots, 
usually not much larger than coriander seed. Near the surface these 
inconspicuous specks oxidize into yellowish and strong red colors, 
which do not permeate the whole mass of the rock but appear as large 
blotches of red color, as if stone had been partially burned. 

Microscopic study has revealed the fact that the seed-like spots are 
fossil Foraminifera, of which the rock is largely composed, and that 
their shells are filled and coated with a mineral which in all probability 
is glauconite, the oxidation of which gives rise to the orange-stained 
blotches. So far as examined, this rock is more largely composed of 
Foraminifera than any of the whole Comanche series. In one thin 
section Rotalia, Textularia, Globigerina, and fragments of three or 
four other genera of Foraminifera have been recognized. 


DETAILS OF OCCURRENCE, PALEONTOLOGY, AND THICKNESS. 


The outcrop of this formation is very limited, occurring as a narrow 
belt between the Del Rio clay and the Eagle Ford formations extend- 
ing from the Brazos and the Colorado and thence onward to the Rio 
Grande, From the Brazos southward to the San Gabriel it constitutes 
merely the narrow outcrop of a thin ledge of rock. It is only from 
Georgetown southward that it begins to have pronounced surface 
representation. The formation is first seen near Bosqueville, McLen- 
nan County. Thence it outcrops in various places through McLennan, 
Bell, Williamson, and Travis counties, passing near Moody, west of 
Pendletonville, and about halfway between Temple and Belton. 

A low bench of Buda limestone caps the high bluff 2 to 3 miles 
below Georgetown, on the south side of San Gabriel River, and forms 
the crest of the escarpment that extends from the west end of this 
bluff around the valley 2 to 3 miles east and southeast and 3 miles 
south of Georgetown. From the road 3 miles south of Georgetown 
it continues south, capping the low escarpment, to Brushy Creek, 
opposite Round Rock. 

Buda limestone occurs exposed in the bed of San Gabriel River for 
1 mile below Town’s milldam until concealed by Eagle Ford shale. 
It also occurs along the banks of Brushy Creek from the Balcones 
fault at Round Rock to very near the mouth of Channel Creek. 

Near Georgetown, Round Rock, and Austin the formation consti- 
tutes toppling bluffs in the creeks, as already described, and also 
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underlies small areas of forested plain covered by growths of beautiful 
live-oak trees which find foothold in the limestone crevices. The 
agarita (Berberis fremontii) and the large nopal (prickly pear) also 
grow upon the rocks. The somewhat high plateau of west Austin, on 
which the Pease mansion is situated, is established upon this forma- 
tion. ‘The residual soil is rich and of a brownish-chocolate color. It 
is usually shallow and stony, however. 

The Buda limestone contains many fossils, mostly casts and molds, 
which, with the exception of Gryphawa mucronata and Pecten roemeri,! 
have not as yet been scientifically determined.” Gryphwa mucronata 
(see Pl. XX XVII, fig. 1), which also occurs in the top of the under- 
lying Del Rio clay, passes upward into the limestone, and occurs 
abundantly in the basal band of limestone. Above this, however, it 
occurs but rarely. 

While the formation has increasing thickness and areal development 
south of the Colorado, having a thickness of nearly 100 feet on the 
Nueces, it thins out gradually north of the former stream, finally 
disappearing entirely as a limestone formation north of the Brazos. 
In the western limits of Austin this bed is nearly 80 feet thick. From 
this place it decreases in thickness northward at the rate of about 2 
feet per mile. At Round Rock it is nearly 20 feet thick, and on the 
San Gabriel it has diminished to less than 10 feet. At Moody it is 
from 3 to 5 feet thick; and near Bosqueville, McLennan County, on 
the Brazos, where it is last recognizable, it is only one-half foot 
thick. 

Its stratigraphic position is gradually occupied to the northward by 
the marls of the Grayson formation. Unfortunately the writer has 
had no opportunity to trace this formation in the transitional area 
between the Brazos and the Trinity, and hence can not describe this 
feature of its occurrence. 


SUMMARY AND CORRELATION OF THE WASHITA DIVISION. 
BROAD VARIATION IN LITHOLOGIC CHARACTERS. 


From the descriptions and sections given it will be seen that the 
members of the Washita division, through gradual changes in the 
nature of the sediments of which they were formed, completely 
change in lithologic character and grouping as they are traced across 
the State. These changes, whereby a formation which is a clay on 
Red River becomes a limestone on the Colorado, and vice versa, are 
so gradual that one can not state exactly where they take place. That 
the diverse formations of the two regions are synchronous and con- 


1 This fossil is figured on Pl. LVII of Part II of the Eighteenth Annual Report of the United States 
Geological Survey. 

2The carefully collected fauna of the Buda limestone was placed in the hands of Prof. George B. 
Shattuck, of Johns Hopkins University, for final study in 1894, and his results will appear elsewhere. 
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tinuots manifestations of the same events of deposition there can 
be no doubt, for the paleontologic facts are such that identical fossil 
horizons, by which geologic chronology is fixed, can be established in 
the two sections and continuously traced through them. 


CORRELATION OF FOSSIL HORIZONS OF AUSTIN AND RED RIVER SECTIONS. 


To establish clearly the correlation between the Denison and Austin 
sections it is necessary to bear in mind the position of eight marked 
paleontologic zones which are continuous across the State—beds b, ¢, 
d, e, i, o', 0’, and p of the Denison section. (See fig. 29, p. 245, and 
Pl. XV.) Bed b is the zone of Hxogyra plexa, c,d, the zone of Pachy- 
discus brazoensis; e the zone of Schloenbachia leonensis and Epiaster 
elegans, 1, the zone of G. washitaensis with O. carinata, o', a persistent 
zone of Aingena wacoensis; o°, the zone of Hxogyra arietina; and p, 
the zone of Gryphwa mucronata. 

Beds b, c, d, e, and i in the Denison section occur in the distinct 
Kiamitia, Duck Creek, Fort Worth, and Denton formations. Beds e 
and i in the Denison section are separated by about 75 feet of marls 
carrying many fossils, such as Gervilliopsis invaginata, etc., which are 
not found in the Austin section. At Austin the formations still carry- 
ing these fossil zones are so coalesced and are lithologically so insep- 
arable that they collectively make a single indivisible formation. 

In the Dension section the Weno and Pawpaw formations of the 
Denison beds have great thickness. These are of a shallow-water, 
impure nature, as described, lithologically entirely unlike any beds of 
the Austin section, and, so far as yet known, paleontologically dis- 
tinct. They gradually lose their identity to the southward and thin 
out before reaching the Brazos, neither being represented lithologic- 
ally or paleontologically south of that stream. 

Bed 0 of the Denison section is a coarse limestone formation less 
than 20 feet thick, characterized in its lower portion by a marked fos- 
siliferous zone of Zerebratula wacoensis, o', and in its upper portion 
by a similar zone of Hvoyyra arietina, 0’. These fossiis occur in great 
quantities, and in the Red River section are found only in this par- 
ticular formation. In the Austin section the fossiliferous zones o! 
and o” are more widely separated, the former occurring chiefly as a 
limestone which is mappable only as the upper part of the underlying 
(Georgetown) formation, here representing beds e to 0” of the Denison 
section. The latter 0° (2 arietina) occurs throughout the clays of 
the Austin section, but chiefly near their top, about 50 feet above the 
zone of Terebratula. In view of these facts, there can be no doubt 
that the Del Rio clays, some 70 feet thick, and the upper bed of the 
Georgetown formation at Austin (10 feet more or less), may be corre- 
lated with the Main Street limestone of the Denison section. 

The Del Rio clays, upon paleontologic grounds, undoubtedly repre- 
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sent the southern and deeper-water continuation of the Denison beds, 
at least occupying, with the overlying Buda, the stratigraphic place in 
the general section of the beds above bed i (the O. carinata zone of the 
Denton subdivison) of the Red River section. Their lithologic nature 
is so different that correlation would hardly be possible between them 
were it not that the transition from one to the other is clearly traced 
along the line of outcrop, and were it not for the continuity of the 
two strong, definite, and continuous paleontologic zones of A7ngena 
wacoensis and Exogyra arietina, which persist regardless of change in 
the character of lithologic matrix. 

Bed p of the Denison section is a caleareous and pyritiferous marl, 
characterized by great numbers of G. mucronata, which occurs only 
in this position in the Denison section. The stratigraphic place of 
these marls is occupied at Austin bya limestone (the Buda limestone), 
while the characteristic fossil of bed p occurs at its base and in the top 
of the Del Rio clay. Inasmuch as the main body of the Buda lime- 
stone above this basal zone contains fossils which have not as yet been 
correlated with the Grayson marls of the Denison section, there is 
some reason fora tentative hypothesis that much of this limestone 
may represent a slightly later horizon-of the Lower Cretaceous than 
is exposed in the Denison section. The writer has endeavored to have 
this problem solved by careful collections, which are now being studied 
by Messrs. Stanton and Shattuck. 

These formations, which have been so carefully studied throughout a 
wide extent and which carry in their fossils such undisputed bases for 
comparison, present interesting illustrations of the lithologic variation 
of synchronous sediments, showing how the material of formations 
in their horizontal extension may so change that, were it not for the 
persistence of paleontologic zones, they might be regarded as of dis- 
tinct origin and different age. 


Upper Cretaceous—Gulf Series. 


DIVISIONS. 


The Upper Cretaceous or Gulf series is confined to the regions of 
the Eastern Cross Timbers and the Black Prairie. It rests uncon- 
formably upon the Comanche series and may be divided into five con- 
spicuous formations (see Pl. XVI), the beds of which grade into one 
another by imperceptible transition. The lowest of these north of the 
Brazos, the Woodbine, consists of ferruginous sands and clays. Above 
this is a formation characterized by bituminous clays, the Eagle Ford. 
Then follows a conspicuous formation of chalk, the Austin chalk. 
Succeeding this is a formation of marly clay, the Taylor marl. The 
uppermost formation, the Navarro, is composed of unindurated beds 
of glauconitic sands, clays, and a little chalk, as will be described 


HILL] THE UPPER CRETACEOUS. 293 


later. There is no sedimental break between these formations, the 
whole series being practically continuous. Allare characterized, with 
certain exceptions, by their general lack of consolidation, little or no 
hard rock being found. Although much study has been put upon these 
formations as a whole, their paleontologic classification and correlation 
is still far from satisfactory. The terranes, with the exception of 
the Austin chalk, are so unconsolidated and so mantled with black soil 
that it is almost impossible to find good stratigraphic outcrops. Fur- 
thermore, the beds grade into one another so gradually that partings 
are mappable only with the greatest difficulty. Often it is impossible 
to map them at all. 


RELATION TO EXTRATERRITORIAL FORMATIONS. 


The series as a whole is known to correspond with the Upper Creta- 
ceous of the Meek and Hayden section of the Northwest. There is 
but little doubt that the three lower formations—the Woodbine, Eagle 
Ford, and Austin—are in a general way the equivalents of the Dakota 
and Colorado divisions, while the Taylor marl and Navarro beds, occu- 
pying the stratigraphic place of the Pierre and Fox Hills formations, 
in a manner correspond to the Montana division of the Northwest. 
It is impossible, however, in the Black Prairie region to group the 
beds into the divisions established in the Rocky Mountain region. 
The Woodbine formation is a part of the great basement littoral 
of the Upper Cretaceous series of the West, representing, like the 
Basement sands of the Lower Cretaceous, the marginal formation 
accompanying a subsidence of the sea as it invaded the land from the 
coast interiorward. Unfortunately, the record of the migration of this 
shore line has been destroyed by the stripping of the beds from the 
Central and Great Plains provinces in Texas, but in southern Kansas 
and northeastern New Mexico there are sufficient data to show that 
this formation ultimately joins the diagonally transgressing Basement 
sands of the Comanche series in those regions. 


WOODBINE FORMATION.* 
NOMENCLATURE. 


At the time the existence of the Lower Cretaceous or Comanche 
series was recognized in central Texas, in 1886, certain arenaceous beds 
lying above it and at the base of the Upper Cretaceous were first 
defined by the writer’ as the Timber Creek group or the Lower Cross 
Timbers formation, and were referred to the Dakota formation by 
Dr. C. A. White.? Previous to the appearance of these papers the 


1See PI-XVIII, B, and Pl. XIX, C. 
2Am. Jour. Sci., 3d series, Vol. XX XIII, April, 1887, p. 291-303. 
8See Proc. Phila. Acad. Sci., 1887, Pt. I, pp. 39-47. 
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of adjacent formations having been included with them. Further- 
more, their position in the general section had not been ascertained, 
and they had usually been referred to the Tertiary system.’ 

The Woodbine group in Grayson County was originally described 
by Dr. G. G. Shumard as the ‘‘Tertiary system”’ and later as the 
‘**Arenaceous and Marly Clay, or Red River group.”® 

Dr. B. F. Shumard, who based his conclusions upon his brother's 
notes and collections, not only did not recognize the Dakota affinities 
of the so-called Red River group, but gave it several distinct strati- 
graphic positions in his well-known general section* of the Cretaceous 
formations of Texas, which was so long the standard one for that 
region. Later, however, he was the first to announce the occurrence 
of Dakota plants in Texas; but this announcement, based upon fossils 
sent by his brother from Denison, was unaccompanied by any strati- 
graphic information,’ and there is no doubt that he remained uncon- 
scious of their position in his section until the date of his death, 
shortly after. 

Owing to the confusion already created in American geologic litera- 
ture by the indiscriminate use of the term Dakota, as well as for 
further reasons to be explained on a later page, the writer prefers to 
apply a local term to this formation in this portion of Texas, and will 
rall it the Woodbine, after a locality in the northeastern part of Cooke 
County. 

CHARACTER AND COMPOSITION OF THE ROCKS. 


The rocks of the Woodbine formation are largely made up of ferru- 
ginous, argillaceous sands, characterized by intense brownish discol- 
oration in places, which are accompanied by bituminous laminated 
clays. These sands, like those of the Trinity division (Western Cross 
Timbers), are unconsolidated in places, but differ from them by con- 
taining a greater proportion of iron and other mineral salts, which 
materially influence the character of the waters derived from them. 
The sands, which in the unoxidized substructure are usually white and 
friable, contain particles of iron occurring as glauconite and pyrite. 
These minerals oxidize toward the superficies, and their solutions con- 
solidate the more porous beds of sand into dark-brown silicious iron 
ore, occurring in immense quantities in certain localities. Other beds 
of sand break down into deep, loose soils. These support a vigorous 
timber growth and are especially adapted to fruit culture. The clays 
are usually sandy and sometimes bituminous, although in some places, 


1See Geological sketch of Texas, by Dr. Francis E. Moore, in Texas Almanac, 1860, p. 97; History of 
Gulf of Mexico, by Eugene Hilgard, in Am. Jour. Sci., 3d ser., Vol. II, 1871, pp. 401-404; Geology of West- 
ern Texas, by G.G.Shumard, Austin, 1886, p. 127, ete. 

2A Partial Report on the Geology of Western Texas, Austin, 1886, p, 127. 

3B. F. Shumard, Trans. Acad. Sci. St. Louis, Vol. I, 1860, p. 588. 

4 Trans. Acad. Sci. St. Louis, Vol. I, 1860, p. 583. 

5 Trans. St. Louis Acad. Sci., Vol. II, 1868, p. 140. 
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as near Denton, of sufficient purity for making stoneware. They 
occur either as extensive beds or as lamine and thin strata interbedded 
in the sands. 

The presence of fossil vegetation, such as leaf impressions and lig- 
nite, distinguishes the beds of this division from the other formations 
of the Upper Cretaceous and attests its shallow-water littoral origin. 


IRON-ORE KNOBS AND SILICEOUS IRONSTONE. 


The formation superficially weathers into a loose, sandy soil, mostly 
covered with coarse post-oak and black-jack timber, but broken here 
and there, where the proportion of clay increases, by small prairies. 
Furthermore, its upper beds, which outcrop on the coastward side, 
are usually barren of forest. Its surface configuration is undulating 
or level, with the exception of certain characteristic low hills, known 
as iron-ore knobs, which approximately follow the interior border of 
the western belt and occur exceptionally in isolated outlying areas in 
southern Indian Territory and central Grayson County. 

A plainly marked feature of the interior border is the quantity of 
ferruginous sandstone and siliceous ironstone débris which remains 
upon the surface along the basal contact after the more friable sands 
have been worn away. ‘These often extend over the adjacent prairie 
as scattered fragments upon the eroded edges of Lower Cretaceous 
strata. These ferruginous sandstones and nodular ironstones are de- 
rived from the lower beds of the Woodbine formation. As the softer 
rocks are removed, these remain upon the surface as ferruginous, flagey 
stones and ironstone bowlders, and in some localities are so abundant 
and persistent as to form the caps of the low oval hills and isolated 
knobs along the western border of the Eastern Cross Timbers. When 
viewed from the Grand Prairie, these hills are conspicuous topographic 
cbjects, forming the dissected remnants of an inward-facing scarp 
which overlooks the Grand Prairie to the west. They occur along the 
western border of the Eastern Cross Timbers throughout their extent, 
from Whitney, in Hill County, to Red River. Some of the more 
prominent of these hills are Brushy Knob and Caddo Peak, in John- 
son County; Brushy Knob, in northern Hill County; Pilot Knob, 
northwest of Argyle, and numerous others almost as prominent, but 
unnamed. Caddo Peak, northwest of Joshua, is a rather precipitous 
prominence of this character. Here the surface is strewn with de- 
tached fragments and bowlders of ironstone and ferruginous sandstone, 
the prominences being formed principally of rock of this character. 
The peak is thickly forest clad. A chain of hills of this character 
extends northward from the Trinity to Red River through the eastern 
parts of Tarrant, Denton, and Cooke counties. The Pilot Knobs of 
Grayson County northwest of Alchire switch and 5 miles west of 
Denison, the knobs between Denison and Sherman, and the knobs 
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of southern Chickasaw Nation are of similar formation and configura- 
tion. Viewed from the east, the Eastern Cross Timbers apparently 
lie in a valley, occupying, as they do, a valley trough on the dip plains 
which constitute the summit of the Iron Ore Knobs to the west and 
are bounded on the east by the White Rock scarp. 


RELATIONS AND THICKNESS. 


The Woodbine formation apparently rests unconformably upon the 
Grayson marls and Main Street limestones of the Denison beds of the 
Washita division, at the top of the Comanche series. The upper beds 
pass, by inseparable transition, from sands into sandy clays and finally 
into the bituminous clays of the Eagle Ford formation. This transi. 
tion is so gradual that no exact line of separation can be drawn 
between the Woodbine and Eagle Ford formations. The parting is 
arbitrarily established at the zone of Azogyra columbella, which is 
considered as the top of the Woodbine formation. 

The formation has a thickness of at least 600 feet in the northern 
section, and diminishes southward until it disappears by thinning out 
and overlap at the Brazos. On Aquilla Creek north of Waco the 
formation is 45 feet thick. According to Taff, it is 200 feet thick in 
the Cleburne section. On Cottonwood Creek northwest of Hillsboro 
it is 95 feet thick. In the Fort Worth section its thickness is about 
300 feet and in the Denison section about 500 feet. 


CLASSIFICATION INTO SUBGROUPS. 


Although the beds of the formation show considerable variation in 
vertical succession, it is impossible to establish accurate mappable sub- 
divisions owing to its lack of consolidation and the intergradation of 
its members one into the other. As a whole, it is merely a series of 
sands and clays in which there may be conspicuous layers or beds of 
either material. Nevertheless, there are certain strong subdivisions 
which in places are recognizable although not mappable, and in order 
to discuss these a nomenclature is necessary, however temporary or 
unsatisfactory it may be. 

There are generally two conspicuous groups of ferruginous sandy 
beds one near the base and one middle of the section underlain, sepa- 
rated, and succeeded by more or less persistent sandy clays. These two 
horizons are both water bearing. 

Dr. G. G. Shumard, who originally described the Woodbine group 
in Grayson County as the ‘‘Tertiary system,”* subdivided it into 
three members: (1) Upper arenaceous group, (2) Middle or green 
sandstone group, and (3) Gypseous clay group. Unfortunately his 


1A Partial Report on the Geology of Western Texas, Austin, 1886, p. 127. This group was later 
described (B. F.Shumard, Trans. Acad. Sci. St. Louis, Vol. I, 1860, p. 588) as the ‘‘ Arenaceous and Marly 
Clay, or Red River group.” 
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lower-member belongs on top of the other two, and consists of the 
upper part of the Woodbine and the base of the Eagle Ford. This 
mistake was no doubt caused by Dr. Shumard’s failure to recognize 
the intricate faulting of the region. 

Mr. J. A. Taff has presented many details concerning the stratig- 
raphy of the Woodbine formation, called by him the Red River series’ 
and the Dakota.” The writer has drawn freely upon his descriptions 
for the stratigraphic details presented in this paper. 

Taff classified the beds of the Woodbine formation as the ‘‘ Basal 
clays,” **‘ Dexter sands,” and ‘‘Timber Creek beds.” In general his 
subdivisions have here been followed, but the writer is forced to reject 
his nomenclature, with the exception of the Dexter sands. The term 
Basal clay is objectionable under a general rule of the Survey nomen- 
clature, and ‘* Timber Creek,” which had previously been used by the 
writer,® is a duplication of a Cretaceous formation name previously 
used in New Jersey. ‘Therefore the former will be considered as a por- 
tion of the Dexter formation, and will be omitted as a mappable forma- 
tion, but the name will be used occasionally for descriptive purposes. 
For Timber Creek the term Lewisville will be herein substituted. 

The general sequence of the beds, so far as they can be established 
from the study of the outcrops between the Trinity and Red River, 
will now be stated. This sequence may prove variable after further 
study: 

1. The lowest beds are usually of impure clay, which is often sandy 
and lignitie. 

2. An extensive formation of yellow ferruginous sandstone and 
brown siliceous ironstone, in which impressions of dicotyledonous 
leaves are sometimes found. These are the Dexter sands of Taff. 

3. Lignitic sandy clays and sands, frequently accompanied by sul- 
phate of iron, magnesian salts, ete. The sands also oxidize into 
heavy, siliceous, dark-brown iron ore in places. The subdivision is 
characterized by an extensive molluscan fauna, which is elsewhere 
alluded to and which may be characterized as the Aguileria cumminsi 
zone. These are the Lewisville beds. 

4, Less ferruginous sands and clays, and in places more calcareous 
and fossiliferous, gradually passing into the bituminous shale of the 
Eagle Ford formation. The upper limit of these beds ends with the 
zone of Ostrea columbella Meek: 

It is not possible to estimate the thickness of either the Dexter sand- 
stone or the Lewisville beds of the Woodbine, owing to the great 
variability in the dip planes of the strata, which variability is doubt- 
less in part due to the false bedding. 


1Third Ann. Rept. Geol. Survey of Texas, Austin, 1892, p. 271. 
2Fourth Ann. Rept. Geol. Survey of Texas, Austin, 1893. 
8Am. Jour. Sci., April, 3d Series, Vol. XX XIII, 1887, p. 298. 
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EXTENT AND DETAILS OF OCCURRENCE. 


The area, extent, and variation of the Woodbine rock sheets are 
important factors, since they are the water-bearing strata, forming one 
of the several artesian systems beneath the surface of the Black Prairie 
region, as will be more fully described later. The extent of this for- 
mation has been shown to be approximately coincident with the north- 
south belt of the Eastern Cross Timber country of Texas from the 
southern part of Indian Territory north of Red River’ near the Cooke 
and Grayson County line to the Brazos, and along two east-west 
belts in southern Indian Territory and Grayson County, the former 
beginning with a timbered ridge 3 miles south of old Fort Washita, 
Chickasaw Nation, and extending east until-it is occupied by Red River 
in its course through Fannin, Lamar, and Red River counties, finally 
ending in western Arkansas. 

The beds of the main Texas, or north-south, belts are well displayed 
in Texas along the lines of all the railways traversing or following the 
Eastern Cross Timt ers, Such as the Texas Pacific road between Handley 
and Arlington stations, and on the Missouri, Kansas and Texas toad 
between Denison and Pottsboro, Whitesboro ot Dexter, Denton and 
Lewisville, and Alvarado and Fort Worth. In the east-west belt of 
the Red River district good exposures are seen in all the localities 
mentioned, but, as elsewhere, it is difficult to obtain a continuous 
section of the entire formation from bottom to top, or to connect the 
separated fragmental sectional exposures. 

Red River flows in the Woodbine formation from Carpenters Bluff 
in the northeast corner of Grayson County to Pine Bluff in the north- 
east corner of Red River County. There are many bluffs of the river 
along this portion of its course where the Dakota is partially exposed, 
such as Arthurs, Sowells, Pine Bluff, and others. The most eastern 
occurrence is at Morris Ferry on Little River in Little River County, 
Arkansas. 

The formation, as well as the Eastern Cross Timbers growing upon 
it, abruptly terminates at Brazos River a few miles west of Waco, and 
thence on to the south and west is entirely missing in all the geologic 
sections taken. The cause of this disappearance is more fully dis- 
cussed on a later page. 

As a whole, the formation could be better appreciated by studying 
a number of cross sections made at various intervals across its strike, 
notably at Aquilla, Cleburne, Fort Worth, Denton, Denison, and Paris. 


1To say that the Eastern Cross Timbers are exactly coincident in extent with the outerop of the 
Dakota division would be slightly inaccurate. A narrow strip of the western border of the Eastern 
Cross Timbers from Johnson County north through Tarrant, Denton, Cooke, and Grayson counties is 
underlain by the sands of the upper part of the Pawpaw formation. This is well shown in the north- 
ern part of Denison. This strip seldom exceeds a half mile in width and is usually separated from 
the main body of timber by a narrow belt of irregular prairie underlain by the yellow Main Street 
limestone. The Grayson marls also oceupy a minute portion of the western part of the area of 
the Eastern Cross Timbers, 
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Unfortunately, however, for reasons previously stated, these sections 
have not been obtained with the detail which is possible in dealing with 
more consolidated formations. Hence it will be necessary to describe 
the beds along these sections in a general manner, without the com- 
pleteness of detail that is desirable, beginning at the south, where the 
formation is thinnest, and tracing its gradual development northward. 

Massive beds of friable yellow and brown ferruginous sand begin 
immediately above the base of the formation at the eastern border of 
Cleburne and continue upward in strata as they extend east, surfaced 
by heavily wooded, sandy soil. Exposures of large extent are very 
are. The friable sand, as it disintegrates, forms gently undulating 
surfaces, except where there are local extensive accumulations of 
indurated ferruginous sandstone and ironstone, which produce ‘‘ sand 
roughs” and occasional knobs. 

The general character of the formation through Tarrant and Denton 
counties is illustrated in the Denton-Lewisville section. At the base 
of the formation in Denton County, along the Dallas and Wichita 
Railway southeast of Denton, there are 10 to 15 feet of thin ferru- 
ginous sand and arenaceous sandy clay, which is sueceeded by about 
300 feet of heavy-bedded red ferruginous sand, containing many sandy 
ironstone concretions and nodules, and brown sandstones with very 
large indurated calcareous sandstone lenses in the upper strata. 
These are the Dexter sands. They are succeeded by from 50 to 100 
feet of strata comprising the Lewisville beds. These are composed 
of laminated lignitic sands and sandy clays, interstratified with brown 
sands, ferruginous reddish-brown sandstone, shell sandstone, and 
argillaceous shelly sandstone, which contains large lens- like calcareous 
concretions and laminated argillaceous sandstones at the top. Some 
of these sandstones are very calcareous and, on account of the great 
numbers of shells of Ostrea and other mollusks, may be considered 
siliceous or argillaceous limestones. 

As a whole, the Woodbine formation is best and most conveniently 
illustrated in the outcrops adjacent to Denison, Texas, but even here 
the structure is so faulted that it is difficult to point out the sequence 
of the beds. The formation occupies all the southern half of the city 
of Denison and an east-west belt of country about 4+ miles wide adja- 
cent thereto, resting upon the top of the Comanche series, as previously 
described. 

The base of the Dexter sands may be seen in the south half of Den- 
ison, resting on the beds of the Comanche series.‘ The lower portion 
of the Lewisville or upper sands makes the summits of the Iron Ore 
Knobs the highest point between Denison and Sherman. The con- 
tinuity of the section is broken at Cook Spring by the Cook Spring 


1This contact is the Grayson marls south of the Pawpaw in southeast Denison; the Main Street lime- 
stone in southwest Denison. 
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fault, the downthrow of which is estimated by Taff at 200 feet near 
Pottsboro, just west of the section line. The uppermost beds outcrop 
on the downthrown side of the fault, but may be seen to better advan- 
tage near Whitesboro, in the western part of the county. 

At Denison the base of the section apparently consists of sands rest- 
ing upon the Main Street limestone, but at a few favorable localities, 
where the ferruginous débris obscuring the parting has been removed 
by erosion, it is revealed that the clay beds of the Grayson marls occur 
between these formations. 

In a run on the south side of Choctaw Creek, 2 miles east of the 
Denison and Bonham road, the contact of the Woodbine formation and 
Grayson marl is exposed. At this locality the purplish-blue lignitic 
contact clays at the base of the Woodbine formation have a thickness 
of nearly 20 feet. The clay is finely laminated and is impregnated 
with finely comminuted carbonaceous matter. Toward the upper edge 
the clay becomes sandy and then verges into extensively false-bedded 
sandstone, which in part is very ferruginous and contains siliceous 
iron-ore concretions. The basal greenish-blue lignitic clays are not 
known to contain any fossils except lignite. 

Deep cuts in the southern part of the city of Denison, especially 
one situated 14 miles southwest thereof, on the Missouri, Kansas and 
Texas road, show thick strata of white sand through which iron in 
solution has permeated, cementing it in many places. In these, or 
rather near their surfaces, are many bands of loosely segregated brown 
siliceous iron-ore strata. This formation, which corresponds to the 
Dexter sands, continues to 8 miles south of Denison. Four miles south 
of Denison these strata are very thick. 

Above the Dexter sands from 3 to 5 miles south of Denison are 
splendid exposures of the sandy laminated clays which may be con- 
sidered the base of the Lewisville beds. These clays are marly on 
weathering and show yellow and purplish colors, with much gypsum 
in places. Sometimes the clay bands are white. In the upper part of 
the clays on the summit of a hill one-half of a mile north of Cook 
Spring, on a crossroad between the new and old highways between 
Denison and Sherman, there are ferruginous iron-ore bands which 
make the protecting caps of the hills. These contain Agwilerta ewm- 
minst White and other fossils of the Lewisville beds as found at 
Lewisville, Denton County, in the Denton-Lewisville section. Not 
having had an opportunity to measure the altitude of this hill, which 
is probably from 200 to 300 feet above Denison, the writer can only 
estimate these beds as having a thickness of about 100 feet. 

South of the knobs capped by the fossiliferous Lewisville beds the 
normally overlying Ostrea soleniscus zone drops down a hundred feet 
below them, and by a series of step faults the top of the Eagle Ford 
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clays is brought down opposite the latter, as shown in the following 
section: 


Section No. 42.—Srcrion SourH or Cook SPRING FAULT, BETWEEN DENISON AND 
SHERMAN, GRAYSON County, TEXAS. 


Total depth 
Thickness. to bottom 
of stratum. 


Austin chalk : | Feet, Feet. 


High, black waxy prairie, representing the base of the 
Austin chalk, only a few feet of the weathered edge of | 
which is seen, the summit of which is faulted down to 
the level of the A. cumminsi zone capping the iron-ore | 
INNS) a oweeh ache eee gee aa eee eee eee ee energie | +10 10 

Eagle Ford formation : | 

Black clays with Ostrea lugubris and sharks’ teeth... .---- 


“Bitoelte gfivaliess ss pagt eek lace aie I RI ee eee a ape nw +30 60 


North of this fault and abutting against the foregoing the 
section shows as follows: 
Woodbine formation— 
Yellow decomposing bands of limestone in beds of 6 inches, 


alternating with shales containing Cyprimea, Ostrea 
soleniscus, Arca, and Exogyra columbella ........------- 30 90 


Ferruginous sands. 


In the Red River region east of Grayson County studies thus far 
made have not resulted in any definite idea of the sequence of the beds, 
and their thickness here can only be approximated by studying the 
Paris well section. The Red River flows for miles upon this forma- 
tion, and an undermining bluff now and then reveals a little of its sub- 
structure. Its outcrop is so unconsolidated and is so densely covered 
with timber and old alluvial deposits that its interpretation would be 
a labor of years. 

In this general region the beds are found adjacent to the Red River 
Valley, nearly to Red River County, outcropping in various under- 
mining bluffs, such as Sowells Bluff in Fannin County and Arthurs 
Bluff of Red River, north of Maris. At the latter place the formation 
consists of laminated clays and sands, the clays predominating. This 
locality is especially interesting on account of the numerous plant 
remains, a list of which is elsewhere given (pp. 314-318). In this 
region the upper sandy beds also pass so imperceptibly into the Eagle 
Ford clays that the boundary can only be approximated. 

A section line drawn north and south through Paris and Arthurs on 
Red River shows many outcrops of the Woodbine formation. On the 
north side of the river, at the outer edge of its valley, there is a nar- 
row belt of the forested sands. At Arthurs good exposures of sandy 
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clays are seen in the immediate river bluff. The formation is greatly 
obscured along this section by old river alluvium, and its differentiation 
is exceedingly difficult. 

At Pine Bluff, on Red River, in the northeast corner of Lamar 
County, there is an undermining bank on the south side about 50 feet 
high vertically with a summit slope of 50 feet more. At the base of 
this bluff is an arenaceous-ferruginous shale containing occasional 
nodules with fossils and leaf impressions. About 25 feet above the 
base there is a lignitic layer with fragments of wood. This subdiyi- 
sion is about 38 feet in thickness. Above this, making a summit rock 
of the bluff, is a 12-foot stratum of greensand, which oxidizes rapidly 
into siliceous iron ore. In the lower portion of this greensand there 
are traces of a very fine siliceous pebble and rolled-clay lumps. A 
fossil ammonite (Scap/tes?) and a crab were found at the base of this 
greensand, attached to a log of lignite. The slope at the top of the 
bluff consists of clays with fossil Awnea and Scaphites. 

EXPosuRE OF THE WoOODBINE FORMATION AT Rock Forp or REpD 
River, Lamar County, TExas. 


Section No. 43. 


| Total depth 
| Thickness. | to bottom 
| of stratum. 


Feet. Feet. 

River bluffs: Several layers, in all about 4 feet thick, of white 

fossiliterous limestone pease e esas sere e eee eee eee | 33 | 33 
, ae 5 z =| | 
Land Slip, river bluff: Two beds, each about 1} feet thick, of | 

soft, crumbling glauconitic sandstone. Aboye this isa yel- | 

owas clam comitie7s alm clas ese tree ee eter 20 53 
At base in bed of river: Dark, fine-grained sand, weathering | “ 

yellowishyand! im) oumbsiy.e) LO eres seer 10 | 63 


The most eastern outcrop of the Woodbine formation is in south- 
western Arkansas, at Morris Ferry, on Little River, where a single 
exposure, as described by the writer," 
of alluvial deposits. 

The foregoing outline of the Woodbine formation having been pre- 
sented, it is necessary, owing to their intimate relation to the artesian- 
water conditions, to give more explicit details concerning the Dexter 
and Lewisville subformations. 


occurs in a forested wilderness 


DEXTER SANDS.? 
t+ENERAL CHARACTER AND LITHOLOGIC FEATURES. 


The Dexter sands are an extensive deposit of brown and yellow 
ferruginous sandstone heavily laden with silicious ironstone. These 
sands are the lower, best, and most important water-bearing horizon 


1Bull Geol. Soe. Am., Vol. V, 1894, p. 312. Basal clays and Dexter sands of Taff. 
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of the- Woodbine artesian system, and hence must be described some- 
what fully. 

The Dexter sands form the most conspicuous portion of the Wood- 
bine formation north of Johnson County, but are subordinate to the 
Lewisville beds south of that locality. They may be traced across 
Tarrant, Denton, and Cooke counties to Red River by the line of 
ferruginous knobs previously mentioned. 

In lithologic character they are excessively cross bedded, and vary 
locally, being in general thicker and more purely arenaceous to the 
north. They may or may not be accompanied by clays in their lower 
portion. Massive false beds of sand are observed succeeding much of 
the lower and occasionally the upper portion of the Dexter sands. 
Generally the individual strata grow thinner from the base of the 
Dexter beds upward, and very near the upper limit lens-like, hard seg- 
regations occur. Some of these are nearly globular, while others are 
nearly flat, and they range in size from small lenses to masses 6 to 10 
feet in diameter. They occur also in the lower part of the Lewisville 
beds. 

CONFUSION CONCERNING THE BASE OF THE BEDS. 

There is still some obscurity concerning the exact nature of the 
base of the Woodbine formation, due to the unsatisfactory character 
of the contact exposure. Taff is of the opinion that the basal beds 
are usually a clay formation, and his contention seems tenable, at least 
for the region between Trinity and Red rivers. Complete exposures 
of this basal clay have not been seen. Its thickness is estimated at 
10 to 15 feet. It is believed to vary locally in thickness, structure, 
and lithologic character, however, and in support of this conclusion 
the following data are presented by Taff: In Denton County, along 
the Dallas and Wichita Railway, southeast from Denton, 10 to 15 feet 
of thin ferruginous sand and arenaceous sandy clay occur at the base 
of the Woodbine, which is succeeded by the heavy sands of the Dexter 
beds. In the town of Denton blue and dark-brown arenaceous clay, 
ferruginous sands, and sandy clays form the basal clay bed of the 
Woodbine formation in contact with the Lower Cretaceous. An 
earthenware factory is established at the southeast corner of the town, 
where a dark-blue to gray clay is obtained which is considered to 
belong to this bed, and from the clay from the pit a fair grade of 
earthenware is produced. At the east border of Denton Creek Val- 
ley, between the Missouri, Kansas and Texas Railway and the mouth 
of Isle du Bois Creek, purplish-blue sandy clay of the basal clay 
bed was observed at intervals beneath the heavy ferruginous sands, 
but the contact rock hetween the Comanche series and Woodbine 
parting was not seen. 

There are other contacts noted by Taff and observed by the writer 
which lead to the conclusion that the basal clay is not a persistent 
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feature, but becomes more arenaceous and lignitic in places. For 
instance, Taff notes that the sand rests upon the Grayson mar] at a 
point 6 miles southeast of Gainesville, at the north line of the Wil- 
liam Campbell survey, apparently without an interposed stratum of 
clay. With this exception the basal stratum of the Woodbine was 
not seen exposed in Cooke County. In many places the Main Street 
limestone was observed projecting from the surface with weathering 
Woodbine sandstone falling over. Ina branch of Rock Creek 1 mile 
south of the Rock Creek road crossing the contact with the Grayson 
marl and the Woodbine sand is well exposed. Here the lignitic sandy 
clay of the Woodbine rests upon the blue limestone of the Main 
Street in apparently parallel strata. The lignitic sandy clay of the 
Woodbine is 10 to 15 feet thick and is succeeded by massive false 
stratified beds of brown and yellow sandstone. 

In a tributary of Rock Creek near the west line of the John Brown 
survey, in northwest Grayson County, lignitic sandy clays occur in 
contact with the Grayson marl. The lignitic clay contains thin seams 
of lignite and lignitic sand and lignitized wood débris, which gives it 
the appearance of a lagoon or swamp deposit. The lignitic clay is 10 
to 15 feet thick and is succeeded by massive beds of yellow and brown 
sand, interstratified with occasional lenticular deposits of blue and 
black clays. 

The basal contact beds of the Woodbine formation are well shown 
in the bluffs of a small creek one-fourth of a mile southwest of Cedar 
Mills, Grayson County (see section No. 44, p. 307). Here a band of 
greenish-blue clays 15 inches thick occurs between massive yellow 
Woodbine sand and Grayson marl of the Comanche series, in appar- 
ent conformability. This clay produced no fossils, and, as a similar 
clay is exposed in a run at the south side of Cedar Mills unconform- 
able with the Main Street limestone beneath similar yellow sand, it 
was considered to belong to the Woodbine formation. 

Ten feet of greenish-yellow to yellow massive friable sand succeed 
the basal greenish-blue clays in the bluff one-fourth mile northwest of 
Cedar Mills, which sand is in turn sueceeded by 10 feet of purplish- 
blue lignitic clays interstratified with thin bands of sand. The lignitic 
clay is overlain by nearly 15 feet of friable yellow sand. In the bluffs 
of the run at the south side of Cedar Mills the greenish clays and sands 
cited above are observed to rest in contact with successive strata of 
Main Street limestone and marl within a range of 50 feet, but at no 
locality observed had the Main Street limestone been completely 
removed prior to the deposition of the Dakota sediments. The suc- 
cessive strata of the basal Woodbine beds occur here as in the bluff 
one-fourth mile northwest of Cedar Mills. No débris of Lower Cre- 
taceous rock or derived fossils were found in the contact strata of 
the Woodbine. 
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In the bluff of Big Mineral Creek, at the bridge 1 mile east of Cedar 
Mills, exposures occur bearing the Main Street limestone with more 
than 100 feet of basal Woodbine strata. The greenish-blue contact 
clay is here not more than 4 inches thick, and is overlain by nearly 100 
feet of brown and yellow sand interspersed with few layers of blue 
and whitish sandy clays, Ironstone and thick, dark-brown .and red 
ferruginous sandstone occur in the upper vortion of the Dexter sand 
at this locality. 

In the bluffs of a small creek at the north line of the Joseph Strick- 
ling survey, SSE. of Bounds Ferry, Grayson County, blue clay rests 
upon Grayson marl, as at Cedar Mills. Yellow and white sandy clay 
and sand continue above the clay. Ferruginous sandstone, with much 
ironstone, occurs higher in the sandstone strata. 


EXTENT AND DETAILS OF OCCURRENCE. 


East of Fort Worth, between a point about 2 miles west of Handley 
Station and Arlington Station, the Dexter sand occurs, and the forma- 
tion does not differ materially from the same beds as they occur in the 
Cleburne section—thick beds of soft sands, for the most part inter- 
stratified with varying and minor beds of clay. Near the base there 
are considerable quantities of indurated ferruginous sands and nodular 
ironstone. In the main the sands are porous and are admirably suited 
for absorbing and transmitting water. 

In Denton County, along the line of the Dallas and Wichita Rail- 
way, the Dexter sands have an estimated total thickness of 300 feet 
(see section C’ on Pl. XIX). They consist of heavy-bedded red fer- 
ruginous sand, with many sandy ironstone concretions and nodules, 
and brown sandstones with very large indurated calcareous sandstone 
lenses in the upper strata. In this section the Dexter sands continue 
with outcrops at intervals southeastward along the Dallas and Wichita 
Railway to the north side of Hickory Creek Valley, one-half mile from 
the creek. They also form rugged bluffs on Hickory Creek southeast of 
Alton. The rocksas they occur at the surface in railway cuts one-half 
mile and 14 miles southeast of Denton are dark-brown, orange-yellow, 
compact and friable sands. In places they are heavily charged with 
iron. Gnarled segregations and nodular iron concretions are of com- 
mon occurrence. 

The Dexter sands crop out in the bluffs of Big Elm Creek between 
Denton and Lloyd, and continue northward from Big Elm Creek, 
forming at this locality and along the eastern border of the creek yal- 
ley to the mouth of Isle du Bois Creek a prominent ridge, its western 
face strewn with dark ferruginous sandstones and iron-ore concretions. 
Indian Creek, from the Texas and Pacific Railway to its mouth in south- 
west Cooke County, flows in the center of the outcrop of this sand. 
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The sand extends northward by way of Woodbine, Callisburg, and 
Dexter, with its peculiar surface characters—a loose, broken, sandy, 
forest-clad country with much ferruginous sandstone and siliceous iron- 
stone concretions. Between Callisburg and Dexter the strike of the 
outcropping sand turns east from a nearly north line. 

The Dexter sands are finely exposed in fragmental outcrops of the 
east-west belt in Grayson County, but their continuity is so broken by 
faulting that their occurrence is difficult to explain. The main north- 
south belt terminates at Red River along the line of Cooke and Gray- 
son counties. From this a belt of outcrops projects to the eastward, 
as previously mentioned, through Grayson County, constituting the 
belt of iron-ore knobs found between Denison and Sherman. 

From Dexter the strike bears due east, and the sand presents many 
exposures and forms rugged ‘‘sand roughs” along the border of Red 
River Valley north of Cedar Mills to Old Georgetown north of Potts- 
boro. The rocks crop out in the bluffs of Big Mineral Creek at many 
places between a point due east of Gordonville and the bridge east of 
Cedar Mills. = 

On Hickory and Big Mineral creeks the heavy ferruginous Dexter 
sandstones also continue below to the base of the Woodbine, with the 
exception of thin irregular bands of clay interstratified and at the base 
of the formation. In places the sandstone occurs in false beds, with 
interstratified lenses and wedges of blue and black clay, which pre- 
sent clear indications of contemporaneous deposition and erosion. The 
lower 100 feet of the sandstone is ferruginous and contains much dark- 
brown indurated ferruginous sandstone and iron concretions. 

The Dexter beds of Grayson County are a part of the middle or 
green sandstone group of Dr. G. G. Shumard’s Tertiary system of 
Grayson County, but were so confused in his descriptions that his def- 
initions are obscure. These rocks were supposed by him to be limited 
to the northwestern portion of the county, where sections of them are 
exposed nearly 50 feet in thickness. They also occur in the southern 
part of Denison,as will be shown later. The best sections of these 
strata described by him are exhibited along Walnut and Cedar creeks, 
these streams having cut through the formation to the depth of 40 or 
50 feet. 

The principal rocks consist of sandstone and clay. The sandstone 
varies somewhat in character, being both soft and hard and massive 
and thin bedded, or even schistose. Its color is usually white or 
green, from which it passes into various shades of red, yellow, and 
brown. It is composed of coarse quartzose grains cemented by 
siliceous and calcareous matter. In some instances the percentage 
of lime is very large, in which case the quartzose grains are usuaily 
distinct. 

The following partial section of the Dexter sands in bluffs of a small 
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creek one-fourth mile south of Cedar Mills, in Grayson County, illus- 
trates the general character of the beds:' 


Section No. 44.—ParTIAL SECTION OF DEXTER SANDS IN BLUFFS OF SMALL CREEK ONE- 
FOURTH MILE souTH OF CEDAR MiLtis, GRAYSON County, TEXAS. 


Total depth 
Thickness. | to bottom 
of stratum. 


Feet. Feet. 
Mamnia Le pyellOWASANG 352 2. lacje as ce cete sence see eens] | ho 15 
3. Purplish-bluelignitic clay interstratified with bands of sand. — 10 25 
2. Massive, friable, greenish-yellow to yellow sand -.--.-...-. |- 10 35 
il, Gre@aigia- iO CONE Sessa cosesesa ese arse en Aaa oer 1.25 | 36. 25 


One and one-half miles northeast of Pottsboro the Dexter sand 
abruptly terminates and the prairie of the Eagle Ford clay joins that 
of the Fort Worth limestone and Denton marls. This abrupt termi- 
nation is caused by the southwest downthrow of nearly 200 feet of the 
rock in the Cook Spring fault, which at this locality bears approxi- 
mately N. 42° W. ‘Two miles east of Pottsboro the Woodbine sand 
appears on the northeast side of the fault, and abuts abruptly against 
the fault line from a point due east of Pottsboro to Cook Spring on 
Tron Ore Creek, 6 miles north of Sherman. From the fault line here 
the Woodbine formation continues east, forming the timbered, rolling, 
sandy lands between Denison and Iron Ore Creek and between Deni- 
son and the Cook Spring fault 2 miles east of Pottsboro. 

Extensive deposits of ferruginous sandstone and siliceous ironstone 
of the Dexter formation occur, forming in great measure the Pilot 
Knobs, northwest of Alchire Switch, 5 miles west of Denison. Iron 
Ore Creek below Moss Springs and Choctaw Creek from the mouth 
of Iron Ore Creek to the Denison and Bonham road flow over these 
sands, presenting them in the bluffs with all their variations in strue- 
ture and lithologic characters. 

The sands are best exposed in the southern portion of Denison and 
the adjacent country. Here they are probably over 100 feet thick and 
contain impressions of dicotyledonous plants. 

The Dexter sands at Denison consist in their lower part of free 
white sand containing minute flakes of mica and numerous specks of 
glauconite. The latter, intensely oxidized at the surface, produces first 
a red and then a dark-brown color. The hydrated iron cements the 
more porous sand beds into firm siliceous iron ore. Excellent cut- 
tings into these sands are seen along the grades of the Missouri, Kan- 

sas and Texas Railway and the dummy line in southwest Denison. 
The wells of the city waterworks are also sunk into these sands in 


1J, A. Taff, Third Ann. Rept. Geol. Suryey Texas, p. 295. 
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the southwestern suburbs. Thin layers of clay appear in the upper 
part, increasing in proportion relative to the sand in ascending order. 

Fossil plants occur in a horizon of the Dexter sands at Denison 
between 20 and 150 feet above the base of the sands, fragments of 
these being found in the well at Mr. T. V. Munson’s place, 14 miles 
southwest of the station, and in a single stratum 12 or 18 inches thick 
located in a little hill between Texas street on the south and Hull 
street on the north, just north of Mr. A. H. Rhamey’s house. A list 
of these plants is given on a subsequent page (p. 316). It is fully 24 
to 3 miles across the strike of these sands, which would give them a 
thickness of nearly 250 feet. Above the sands clay occurs in suffi- 
cient quantity to make the roads firm. 

East of Grayson County the strike of the Dexter formation crosses 
Red River into southern Choctaw Nation, where it is well exposed 
near Yarnaby and Armstrong Academy. To the east its outcrops 
become lost in the vast veil of alluvial deposits, while no attempt 
has as yet been made to differentiate the members of the Woodbine 
formation. : 

The dips of the Dexter sands are altogether too obscure for the 
estimation of thickness. The false bedding is deceptive. Local dis- 
turbances occur also. For instance, on the Dallas and Wichita Rail- 
way 1} miles southeast of Denton the bedding planes dip from 20° 
northwest to nearly an equal dip southeast within a stone’s throw. 
The dip of the Lewisville beds along Timber Creek is also variable. 
However, an approximate estimate may be made by considering the 
dip of the strata in the formations in contact above and below. Put- 
ting the average of the Woodbine at 40 feet per mile (which is 
approximately the dip of the Comanche series below and of the Eagle 
Ford above), the thickness of the basal sand of the Woodbine approx- 
imates 160 feet. The general dip is ESE. 


LEWISVILLE BEDS.! 


CHARACTER AND COMPOSITION. 


The Dexter sands are succeeded by from 50 to 100 feet of strata 
comprising the Lewisville beds. The latter are composed of lami- 
nated lignitic sands and sandy clays, interstratified with brown sands, 
ferruginous reddish-brown sandstone, shell sandstone, and argilla- 
ceous shelly sandstone which contains large lens-like calcareous con- 
cretions and laminated argillaceous sandstones at the top. Some of 
these are very calcareous, and, on account of the great number of shells 
of Ostrea and other mollusks, may be considered siliceous or argilla- 
ceous limestones. Silicified and lignitized wood is common in these 
strata. 

The clays in the Lewisville beds are invariably laminated, and in the 


1The typical Lewisville beds outcrop at the banks of Timber Creek just above a point due south of 
Lewisville, Denton County. 
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more arenaceous clays there are numerous very thin bands of sand. 
Asa rule, the clays are blue on fresh exposure, but turn to mottled 
yellow as weathering proceeds. The structure varies markedly from 
stratum to stratum. Impure clays, sands, and sandy clays succeed 
one another with varying percentages, and interspersed are occasion- 
ally bands of very thin lignite, lignitic sandy clay, and silicitied frag- 
ments of trees. A single bed of homogeneous rock rarely exceeds 
5 feet. 

These beds are characterized by the occurrence of a peculiar mol- 
luscan fauna, enumerated on page 314. 

The Lewisville beds are not always covered by timber, but often 
underlie a considerable portion of what would be topographically 
classified as a part of the western border of the Eagle Ford Prairie. 
This makes a genuy undulating prairie, with fine brown sandy clay 
soil. Four miles northwest of Gordonville and at Whitesboro, north- 
west Grayson County, this type of prairie may be seen. In southern 
Chickasaw Nation, just east of the lower course of the Washita and 
north of where it empties into Red River, there are extensive stretches 
of this type of prairie. 

DESCRIPTION, BY TAFF, OF TYPICAL SECTION AT TIMBER CREEK. 


Following is a description by Mr. Taff of the typical section of the 
Lewisville beds, called Timber Creek by him, along the line of the 
Dallas and Wichita Railway in Denton County: 


One-half mile north of Hickory Creek, on the Dallas and Wichita Railway, lignitic 
sandy clays of the Timber Creek beds succeed the brown sandstone of the Dexter 
sand beds. The clay is black to purplish blue, and contains lenticular bands of argil- 
laceous lignite, which is heavily charged with sulphate of iron, magnesian salt, and 
probably other soluble mineral salts. Wells located in the vicinity of the outcrop, 
and penetrating the bed, have their waters so heavily charged with these salts as to 
be unfit for use. The lignitic band varies from zero to 2 feet in thickness, and its 
inclosing clays, for several feet above and below, contain thin bands of sand and frag- 
ments of lignitized wood. These lignitic clays and sands crop out in Timber Creek 
southwest of Lewisville, 1 mile above the Lewisville and Shiloh road. Laminated 
brown and argillaceous sands and reddish sands succeed the lignitie bed with nearly 
25 feet of strata, which crop out in the creek bluffs above the Lewisville and Shiloh 
road. 

Near the base of the sandstone there is a thin band of Ostrea carica, and in the sand 
above this are fragments of both silicified and lignitized wood. Near the upper edge 
of the sandstone occurs a calcareous sand bed, 3 to 4 feet thick, which contains masses 
of Ostrea soleniscus and Exogyra ferox, and in the sandstone, 5 feet yet higher, there 
isa thin band of Cerithium tramitensis. The small Ostrea carica, which occurs imme- 
diately above the lignitic horizon, is present 2 to 3 feet beneath the O. soleniscus zone. 

Continuing down Timber Creek for nearly a mile below the Lewisville-Shiloh 
road, calcareous indurated sandstone and brown sandstone, with large lens-like seg- 
regations, crop out almost continuously in the bluffs and base of the creek. Exogyra 
Jerox and O. soleniscus fossils are especially abundant in these rocks. 

Succeeding these hard layers there is a zone of moderately hard calcareous sand, 8 
to 9 feet thick, with great numbers of O. soleniscus. Two or three feet below the upper 
edge of this zone there is an exceedingly fossiliferous calcareous sand, 6 to 8 inches 
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thick, containing the following fossils: Arca siouxensis, Modiola filisculpta, Arca galli- 
ennei var. tramitensis, and Turritella renouaxiana, besides other fossils undetermined. 
A portion of the strata above the horizon of O. soleniscus is concealed. 

Succeeding this interval there is partially compact and calcareous and argillaceous 
sand, which includes a bed containing Aguileria ewmminsi, with which are associated 
Arca galliennei, Turritella renouxiana, and other forms near the base. Immediately 
below the Aguileria cumminsi zone there is a calcareous sand bearing masses of 0. 
soleniscus and a ledge containing Cerithium tramitensis. 

Laminated and stratified calcareous and argillaceous sand and com- 
paratively compact friable sand-bearing fragments of lignitized and 
silicified wood continue above the Aguileria cummins? zone through a 
thickness of nearly 20 feet. Laminated blue clays succeed the above 
lignitic sand and sandy clays to an interval which conceals at this 
locality the parting between the Dakota and Eagle Ford formations. 
The final horizon in other sections is marked by the occurrence of 
Exogyra columbedla Meek. 

These beds, which underlie the coastward border of the Eastern 
Cross Timbers, are traceable just west of the interior border of the 
Eagle Ford Prairie from McLennan County northward to Red River, 
attaining greater and greater development toward the latter stream. 
The following partial section on Cottonwood Creek northwest of Hills- 
boro will give the character of the beds near their southern termination. 
This section is compiled by Taff from a series of connected sections 
near the top of the Timber Creek beds along Cottonwood Creek from 
Woodbury road near Osceola to within 13 miles of the mouth of the 
creek. 

Section No. 45.—Corronwoop CREEK SECTION, NORTHWEST OF HILLSBORO, SHOWING 
UPPER PART OF WOODBINE FORMATION. 


| 
Total depth 


Thickness. | to bottom 
| of stratum. 
me a 7 —| ———_ 
Feet. } Feet. 
13. Eagle Ford clay from the parting upward, few feet exposed. | | 
12: Pack sand! J42 i: Sedo 8. oneeecioeesecem = oss -eeene eee 10 10 
11. Clay and sand, alternating in thin bands-.---....---.---- 15 25 
10. Sand and sandy clay, which bear great numbers of Osirea 
and bivalves of the Timber Creek beds .......-.----.--.| 6 31 
9. Arenaceous clay, varying in thickness of layers and per- 
centageslotisandtandiclaycre ss. cse seat eee eee eee ia | 41 
Ae . | rn | ~ 
8. Slightly arenaceous laminated blue clay -.-...----------- 10 51 
i, Stratified. pack’sand’s\-- stesso ecto secre sa aa aaa eee 5) 56 
6, Arenaceouslaminatedublie clan sem =tee = eee see ee 4 60 
by Soltadalse-beddedksandstonc= se eeeee eee ee eee eee eee 8 68 
4.) Laminated sandstones sasnec sees eee eee eee 6 w4 
3. Laminated clay and sand, equal proportions .....--.-.---- 10 84 
2. Wery arenaceous, finely laminated clay .......-.--------- 3 87 


1. Soft pack sand. 
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a DISTRIBUTION AND OCCURRENCE, 


From Alvarado southeastward along Chambers Creek the upper 
strata of the Lewisville beds outcrop, exposing rocks which vary but 
little from those in the vicinity of Alvarado, with the exception that 
the proportion of siliceous material is less. 

One-half mile west of the Missouri, Kansas and Texas Railway, on 
the south fork of Chambers Creek, sandstones crop out, which contain 
Lewisville fossils in the greatest profusion, Agudleria cummins’ being 
especially numerous. 

One-half mile below and also above Mansfield, Tarrant County, are 
exposures of lignitic, sandy, laminated, impure blue clays, interstrati- 
fied with sands and indurated ferruginous yellow to red clay. Rocks 
having similar characters occur in Mill Creek south of Arlington, Tar- 
rant County. 

Sandstones and sandy clays of the Lewisville beds crop out in the 
banks and bed of Walnut Creek, 3 to 4 miles below Mansfield. The 
rock varies throughout from an argillaceous sand to a sandstone, and 
in the strata occur indurated calcareous shell sandstones, which bear 
great numbers of the Lewisville bed fossils, also present in the loosely 
compact argillaceous sandstone. 

“On Walnut Creek, 5 miles northeast of Mansfield, Tarrant County, 
near where the parting between the Woodbine and Eagle Ford forma- 
tions cross Walnut Creek, numerous Lewisville fossils—Agucleria 
cummins?, etc.—occur near the base in compact calcareous sandstone. 
The same kind of sandstone continues downward beneath the bed of 
the creek. 

The Lewisville beds crop out in the banks and bluffs of Timber Creek 
above a point due south of Lewisville, Denton County, with the slaty 
blue laminated clays of the Eagle Ford above them. This succession, 
which has been more fully described on page 310, may also be seen on 
the same creek above the Lewisville and Dallas road crossing. 

Lignitic sandy clays and calcareous and shell sandstones of the 
Lewisville bed crop out between Big Elm and Little Elm creeks 2 
miles SSW. and 4 miles SSE. of Lloyd; also along the east side of 
Little Elm Creek Valley east of Lloyd. The Ostrea soleniscus zone is 
especially prominent at these localities. A part of the bed containing 
this fossil is composed of masses of Ostrea shells. The lignitic sandy 
clays and sands, with bands of lignite, from very thin sheets to beds 1 
foot thick, occur 2 milesSSW. of Lloyd, with the same characters and 
in the same relations to the beds above and below as on Timber Creek. 

From the vicinity of Lloyd, Denton County, the Lewisville beds 
continue nearly due north through western Grayson County, between 
Collinsville and Ethel, by way of Whitesboro to the vicinity of Gor- 
donville, Grayson County. Between Lloyd and Whitesboro these 
rocks are rarely seen at the surface, the country being smooth, gently 
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rolling, and covered by a heavy residual soil. Occasional low bluffs 
expose the upper strata of sandstone and sandy clays along Hog Creek 
west of Ethel. The shallow wells in the west side of the valley of 
Hog Creek deriving their supply from these sands have their waters 
heavily charged with magnesian salts. 

As the Lewisville beds are traced northward they vary in the char- 
acter of the materials entering into their composition. The amount of 
sand contained in them grows less, until in the vicinity of Gordonville 
and in the valley of Big Mineral Creek the clay is more abundant 
than the sand. 

At the 6-mile post north of Whitesboro casts of Lewisville fossils are 
found. They continue westward to within 15 miles of Gainesville. 
The beds here form glady prairies in cross timbers. One and one-half 
miles east of Sandusky (73 miles north of Whitesboro) iron-ore casts 
of fossils are found. 

In northwestern and north-central Grayson County these beds have 
extensive development, notably in the sandy prairies around Gordon- 
ville and Whitesboro and on the summit of the knobs south of Deni- 
son. The Lewisville beds on Hickory and Big Mineral creeks, 
Grayson County, increase in thickness to extensive deposits of sandy 
clays with local seams of lignite, the relative amount of sand haying 
decreased, and are surmounted by a greenish-gray sandstone stratum 
bearing Exogyra columbella of Meek. : 

The lignitic clays of the Lewisville beds underlie a rather extensive 
area of prairie land north of Gordonyille, and crop out in the bluffs of 
Walnut Creek north, in Brushy Creek southwest, and in Big Mineral 
Creek east of Gordonville. 

The clay is dark blue and the sandy clays are brown, in the central 
portion of which thin layers of an impure lignite occur. A single bed 
of this, 35 feet thick, crops out in a run nearly a mile east of Big 
Mineral Creek, between Gordonville and Pottsboro, and similar layers 
occur at the surface in Walnut Creek, north of Gordonyille. From 
the vicinity of Gordonville the strike of the Lewisville beds bears 
nearly directly east. The upper stratum passes through Martin 
Springs, but elsewhere in the vicinity of Martin Springs or Pottsboro 
the beds are concealed by the heavy residual soil. 

Where the Lewisville beds crop out at the border of the Red River 
Basin in Grayson County, on Hickory and Big Mineral creeks, the 
lignitic sand and sandy clay at the base have increased to extensive 
deposits of sandy clays with local seams of lignite, some of which 
approximate a thickness of 2 to 3 feet. Here the relative amount of 
sand, as a whole, has decreased considerably, while the beds them 
selves have increased in thickness and terminate with a greenish-gray 
sandstone stratum bearing Hvogyra columbella Meek. 

The upper ferruginous group in Grayson County, as described by 
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G. G. Shumard, corresponds to the Lewisville beds. According to 
him it is composed of strata variable in character, being in some places 
rather hard and firm and in others rather soft—but little firmer than 
loosely coherent sand. These strata as exposed in Iron Ore Knob were 
given a thickness of 150 feet. The summits of these knobs owe their 
existence to the protective cap of indurated ferruginous sandstones, 
containing the typical Lewisville fossils. The strata usually occur in 
massive beds, and the divisional lines between them are indistinct and 
often not at all visible. Shumard also found this formation upon the 
summits of the hills in the northwestern portion of the county. 


Secrion No. 46.—Srcrion py Dr. G. G. SHUMARD, OF THE BANK OF IRON ORE CREEK, 
AT A POINT WHERE THE CREEK CUT THROUGH A PORTION OF IRON ORE RipGE, Texas. 


| Total depth 
Thickness. | to bottom 
of stratum. 
Feet. Feet. 
8. Hard, blue and yellow, fine-grained, glistening, calcareo- 
siliceous sandstone, when freshly fractured blue, but 
LEEMIM oye OwmOMNe Xp OSULC= me sess eee eae = emai 30 30 
7. Soft, rapidly crumbling, fine-grained, yellow siliceous sand- 
SUING aye eee eet eperate a= aera (e a fare ac na Sysiarc,e osteo saretaj ate state erates 10 40 
6. Fossiliferous band composed of Ostrea cemented with 
CAlleaeO-SWhGSOWE) WHAT oe ase ssne edocs cased saecnoaone 3 43 
5. Soft, fine-grained, yellow, rapidly crumbling sandstone, 
WALA OSI) IVETE Oe [OBIS 5 Boao ooecsoereabeoseeaee soos 15 58 
4. Indurated blue and yellow clay with selenite...........--- 5 63 
&, IuGtMiGcae oh sokuoose dsc Co Ae On Oe BEES e Ieee eae 3 66 
2. Indurated blue clay with selenite and lignite in small 
OATUOE 5 Sass oe Seer S So ee See nee eee ee ee 5 7 
i, Sou; yelllony Gey wail tess sooo oeceose eee eaeesoeodeSee | 5 76 


The Cook Spring fault throws the Lewisville beds beneath the sur- 
face southeast of Pottsboro. At Moss Springs, on Iron Ore Creek, 
6 miles north of Sherman, where the Cook Spring fault crosses the 
creek, the upper strata of the Lewisville beds, on the south side of the 
fault, abut against the upper strata of the sands. Three-fourths of a 
mile below Moss Springs the Ostvea soleniscus zone of the Lewisville 
beds crops out in a high bluff of Iron Ore Creek. The fossils occur 
here in a massive sandstone 6 to 10 feet thick. 


PALEONTOLOGY OF WOODBINE FORMATION, 


The Woodbine formation of the East-Central Texas Province is of 
extraordinary interest geologically, because it contains by far the most 
complete molluscan fauna ever found in the alleged Dakota formation. 
This fauna, appropriate to its position, is certainly unique, differing 
entirely from the forms of the underlying Comanche or overlying 
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Eagle Ford. The following molluscan fossils have been found by vari- 
ous persons in the Lewisville beds of the Woodbine formation of 
northern Texas: 


Barbatia micronema (Meek). | Turritella renauxiana d’Orbigny? 
Arca galliennei var. tramatensis Cragin. | Cerithium tramatensis Cragin. 
Ostrea soleniscus Meek. | C.interlineatum Cragin. 

Modiola filisculpta Cragin. | Pteria salinensis White? 
Aguileria cumminsi White. | Natica humilis Cragin. 


Cytherea leveretti Cragin. Nerita sp. Cragin. 
o to} fo) 


Trigonarca siouxensis (Hall and Meek). 


None of these fossils occur in either the overlying Eagle Ford or 
the underlying Comanche series, and, so far as known, the fauna is the 
most peculiar yet found in beds occupying the typical Woodbine 
position. 

The Woodbine formation also contains fossil plants of the Dakota 
type.’ The writer has collected them from Denison and Arthurs 
Bluff on Red River, north of Paris. A small collection has been also 
made at Woodbine, Cooke County, by Mr. G. H. Ragsdale. _These 
collections were all turned over for examination to Prof. F.,H. 
Knowlton, whose reports upon them are given below. 


Reports By Pror. F. H. KNowuron. 


Fossi, PLANTS FROM ARTHURS BLUFF OF RED RIVER, LAMAR COUNTY, TEXAS, COLLECTED IN 1894 
BY T. WAYLAND VAUGHAN. 

The matrix in which this material is preserved is very sandy clay, passing into a 
loose, friable sandstone. It is not well fitted to hold organic remains, and as a conse- 
quence hardly one of the plants is entirely preserved. This fragmentary condition 
makes a number of determinations doubtful. My examination shows the following 
results: 

Salix deleta Lx. 

Found before only at Pipe Creek, Cloud County, Kansas. 
Myrica longa (Heer) Lx. (see Pl. XX XIX, fig. 7). 

Found in Greenland and in Ellsworth County, Kansas. 
Platanus primezeva Lx. 

This consists of a number of flower leaves that agree with the figures of this spe- 
cies given by Lesquereux. No leaves or fragments were found that could 
belong to Platanus. The species is common in the Dakota of Kansas. 

Ficus glascoeana ? Lx. 

There are a number of leaves that I refer with some hesitation to this form. 
They are somewhat smaller, but appear to agree in variation. Found origi- 
nally near Glascoe, Kansas. 


1Dr.G.G.Shumard first collected the plants from these beds, which he sent to his brother, Dr. B. F. 
Shumard, who announced their discovery in Trans. St. Louis Acad. Sci., Vol. II, 1868, p.140. The latter 
stated that he had sent the plants to Dr, Lesquereux for determination, but Lesquereux says (Rept. 
U.S. Geol. and Geog. Survey Terr., Vol. VI, Cretaceous Floras) that they were never received. Dr. B. F. 
Shumard gave these beds no place in his geologic section. 

In 1885 the writer revisited Dr. Shumard’s locality near Denison, and was so fortunate as to deter- 
mine their stratigraphic position to be above the Washita, and to collect a good representation of the 
species, which was deposited in the National Museum. This collection having been lost in storage, 
the writer has several times endeavored to find more of the plants at Denison, but without success, 
Recently, however, Mr. T. V. Munson succeeded in securing some specYmens, which he kindly sent to 
the writer. 
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Diospyros steenstrupi ? Heer. 
Lindera venusta Lesq. 
Diospyros primeeya Lesq. 
Andromeda pfaffiana Heer. 
Cinnamomum heerii Lesq. 
Salix hayei Lesq. 

. Myrica longa Lesq. 
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FOSSIL PLANTS FROM THE WOODBINE FORMATION. 


1. Diospyros steenstrupi? Heer. 5. Cinnamomum Heeri Lesq. 
2. Lindera venusta Lesq 6, Salix Hayei Lesq, 

3. Diospyros primava Heer. 7. Mytica Jonga Heer, 

4. Andromeda Pfaffiana Heer. 
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Lindera venusta Lx. (see Pl. XX XIX, fig. 2). 

Only a single leaf, yet it must be this species, which was before known only 
from Ellsworth County, Kansas. 

Diospyros primzeva Heer (see Pl. XX XIX, fig. 3). 

A common Dakota plant. Represented by a single broken and more or less 
doubtful leaf. 

Viburnum robustum Lx. 

Represented by a single nearly perfect Jeaf. The species was known before from 
Ellsworth County, Kansas. 

Aralia wellingtoniana Lx., n. var. vaughanii. 

This is the most abundant form in the collection, and the best preserved. It 
approaches closely to the type, but seems to differ uniformly in being always 
three lobed, with more slender and entire lobes. There are other minor dif- 
ferences which entitle it certainly to varietal and possibly to specific rank. 
The type is from Ellsworth County, Kansas. 

Sapindus morrisoni ? Lx. 

A number of doubtful fragments. The species comes from Morrison, Colorado, 

and Cloud County, Kansas. 
Liriodendron pinnatifidum ? Lx. 

A mere fragment, with the venation and, as far as can be determined, the out- 

line of this species. It was known before from Kansas. 
Liriodendron snowii Lx. 

Only a fragment, but it is very characteristic and is undoubtedly this species. It 

was before known only from Ellsworth County, Kansas. 
Phyllites rhomboideus Lx. 

Represented by a single broken example, which seems to be this species. It 
has also resemblance to Hedera, Paliurus, etc., and may represent a new 
species. It was described originally from Decatur, Nebraska. 

Besides the above-enumerated species there are a number of more or less fragmen- 
tary specimens that I have not been able to determine with satisfaction. They seem 
to belong to the genera Ficus, Eucalyptus, Aralia, etc., and may represent new species. 

The species that I have been able to identify all belong to the Dakota group; that 
is to say, they have heretofore come only from strata known in the broadest sense as 
the Dakota group. 


DAKOTA PLANTS FROM WOODBINE, COOKE COUNTY, TEXAS, COLLECTED BY THE LATE G. H. RAGSDALE, 
OF GAINESVILLE. 

The material is very scanty, and only fills a small cigar box. It is a typical hard 
brown sandstone, and, while none of the leaves are absolutely perfect, it shows that 
good material could be obtained if time were devoted to collecting at that locality. 

I have identified the following species: 


Andromeda pfaffiana Heer (see Pl. XX XIX, fig. 4). 
Eugenia primzeva Lx. 
Diospyros primzeya Heer. 
This isa common Dakota group plant, and was also found in the Arthurs Bluff 
material. 
Cinnamomum ellipsoideum Sap. and Mar. 
A perfect leaf, except a portion of one side. Its identification is absolute. 
Cinnamomum n. sp.? 
Two or three small fragments that do not seem to belong to any described 
species. 
Phyllites aristolochizeformis ? Lx. 
These species are all of the Dakota group, and it is of course interesting to find 
them in new localities. 
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REPORT ON SMALL COLLECTION OF FossIL PLANTS FROM RHAMEYS HILL, DENISON, TEXAS, COLLECTED 
BY Mr. T. V. MUNSON, OF DENISON. 


The material, which consists of about twenty pieces of matrix, is preserved ina 
coarse-grained, brown sandstone. Two localities are represented. They are as 
follows: 

“Munson Hitu: 8. E. of house next Fannin ave.”’ 

This material embraces four pieces of matrix. The leaves preserved on them are 
so fragmentary that is is quite impossible to make out even the genera represented. 
They are undoubtedly dicotyledonous, but beyond this it is not possible to go. 

“RHAMBY Hii1.”’ 

The remainder of the material belongs to this locality, and shows beautifully pre- 
served and very perfect leaves. I have been able to identify the following species: 

Diospyros steenstrupi Heer (see Pl. XX XIX, fig. 1). 

Cinnamomum heerii Lx. 

Inga cretacea Lx. 

Magnolia speciosa Heer. 

Magnolia boulayana Lx. 

Liquidambar integrifolium Lx. 

Laurus protezefolium Lx. 

Sabi sp. ? 

Populus sp. ? z 

These species all belong to the flora of the Dakota group as that formation is 
usually understood. Of the seven species identified, three—Diospyros  steenstrupi, 
Inga cretacea, and Magnolia boulayana—have not before been reported outside of the 
State of Kansas, at least in this country. Two or three of the others have also been 
found in Kansas, but are not confined to that locality. 


RELATION OF WOODBINE FORMATION TO DAKOTA EPOCH. 
THE TERM ** DAKOTA,” ITS ORIGIN, DEFINITION, AND APPLICATION, 


Although the term Dakota has been frequently applied to the Cre- 
taceous formations in western United States which are nearly related 
to the Woodbine formation, the writer has thus far refrained in this 
paper from associating that term with the latter. His reasons for this 
have been due to the fact that the limitations of the sediments of the 
Dakota epoch, as based upon observations of its occurrence elsewhere, 
have never been definitely known, and it is only in the light of the 
Texas section herein described that these limitations can be fixed. 

The term ‘* Dakota group” was first used by Prof. F. B. Meek in his 
description of the Meek and Hayden section of the Cretaceous of 
Nebraska Territory, a section which has become classic in American 
geologic literature.’ The name was first applied to a formation which 
these geologists had previously called ‘* No. 1,” in ‘ta section of the 
members of the Cretaceous formation on the Missouri and thence 
westward to the Mauvaises Terres, as the result of an expedition by 
Mr. Meek and Dr. Hayden, sent by Prof. James Hall to the uplands 
of Nebraska Territory and published in the Memoirs of the American 
Academy of Arts and Sciences at Boston, Vol. V, in 1856.” According 


ee 


1Meek, U.S. Geol.and Geog. Survey Terr., Vol. TX, 1870, p. xxiii. 
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to Meek! ‘‘this was the first section showing all the yarious members 
in the order of their succession in the undoubted marine Cretaceous 
series of the Upper Missouri, occupying the space between the well- 
marked Tertiary above and Carboniferous below.” In Vol. LX of the 
Hayden Survey, two plates of fossils (pls. 1 and 2) were published from 
the alleged Dakota formation, one of which was from the typical local- 
ity above given and the other from Salina, Kansas. These two plates 
are now known to represent fossils from two entirely distinct forma- 
tions, the first representing the fauna of the typical Dakota locality in 
Nebraska, the other the fauna of the Denison beds of the Comanche 
series in Kansas. Thus it will be seen that the author of the term 
‘‘Dakota formation” himself included within it the equivalent of at 
least two distinct, unrelated formations and faunas of the Texas 
section. 

From the original definition of the term Dakota group it is seen 
that its beds are genetically a part of the general sedimentation of the 
Upper Cretaceous series, passing by conformable gradation into the 
beds of the overlying Colorado division. Furthermore, the name as 
originally defined and as it was afterwards extensively applied was 
supposed to include in the Dakota formation all the basal Cretaceous 
formations prior to the Benton subepoch, the existence in America of 
the Comanche series not then being known. 

At most places where it has been found the Dakota rests unconform- 
ably on beds of Permian and Carboniferous age. Nowhere outside 
of the Greater Texas region were its basal relations with previous 
Cretaceous formations ascertained; hence the question of its further 
downward limitations or basal relations with the Lower Cretaceous 
formations has never been considered, although the term has become 
fixed and widely used in nomenclature. In fact, not until the study of 
the Texas sections could be presented has it been possible to define the 
basal limits of the formation and epoch. 

Since the original studies of Mr. Meek numerous writers have 
reported the discovery and occurrence of the Dakota formation in 
various localities of the far West; White, Stevenson, Stanton, Hicks, 
Snow, Williston, Weed, Hay, Gilbert, Peale, Powell, Aldrich, Cross, 
Emmons, and others have alluded to it throughout the Rocky Moun- 
tain and Great Plains region. 

Where these pioneer writers saw the Dakota in Montana, Colorado, 
Utah, Wyoming, and the Plains region of New Mexico and southern 
Kansas its base apparently rested on pre-Cretaceous formations, and 
they had no data for fixing a definite lower boundary of the formation. 
Furthermore, the continuity of the formation between these localities 
has been so greatly interrupted by erosion and so overlapped by later 
formations that the relation of its parts, such as those of the widely 


1Meek, U.S. Geol.and Geog. Survey Terr., Vol. 1X, 1870, p. xxiii. 
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separated Texas Great Plains and Rocky Mountains regions, have not 
been determined. 

The beds of the alleged Dakota age have also unfortunately suffered 
great denudation in earlier Tertiary, Pleistocene, and recent epochs, 
so that only fragmentary areas of them are found, insufficient to 
demonstrate whether they once formed a continuous sheet of sedi- 
ments or a series of unassociated contemporaneous deposits. It is 
very probable that the greater portion of them, including those of the 
Great Plains region, the Atlantic coastal region, and the eastern Rocky 
Mountain front south of Wyoming, represented a continuous base- 
ment littoral of Atlantic sedimentation, although some of them may 
have been land made synchronously with this littoral as the result of 
local lacustral conditions, especially in the nucleal Cordilleran region. 

In the determination that formations of these widely separated 
localities were Dakota, great importance was given to the identity of 
the dicotyledonous plants, which had been studied principally by Pro- 
fessor Lesquereux. Although this eminent savant, in his admirable 
treatise on the Dakota group, also clearly showed that much yet 
remained to be ascertained about the horizons of these plants, subse- 
quent events have shown that the exact range and occurrence of the 
fossil plants called Dakota had not been sufficiently determined to 
justify minute stratigraphic correlation of widely separated beds, 
though the writer does believe that when the exact horizons of the 
many plants of the so-called Dakota flora are ascertained such corre- 
lation may become possible. So fixed had become the conception of 
this flora as indicative of the Dakota formation, although the apparent 
suddenness of its appearance was inconsistent with the laws of evolu- 
tion, that to discover any of the well-known species of plants in any 
bed resulted in its reference to the Dakota formation. 

We know that the littoral formation of the great arm of the sea 
which gradually encroached northward over the Great Plains region 
during Upper Cretaceous time was bordered on both sides by land upon 
which plant life flourished both before and after the Dakota period. 
The growth of plants on these land areas must have been continuous, 
and hence it is impossible to conceive that the rich dicotyledonous 
flora could have suddenly sprung into existence during Dakota time 
or could have been preserved in only this single time division of the 
Cretaceous. In other words, the entombment of plants must have 
progressed during all Cretaceous time along the marginal shore lines 
of the sea. If this be true, then we should have expected that future 
researches would have shown many lower plant-bearing horizons as 
the investigation of these marginal deposits progressed. 

It has been lately shown by the writer,’ with the aid of Prof. F. H. 
Knowlton’s determinations, that many of the fossil plants hitherto 


1Am. Jour. Sci., 3d ser., Vol. L., 1895, pp. 205-234. 
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relied upon to distinguish the Dakota formation begin in Kansas with 
the Washita division—far lower in the Cretaceous series than the base 
of what has hitherto been considered the Dakota formation, and hence 
they are no longer satisfactory independent criteria for determining 
exact stratigraphic position. 

From the foregoing statements it is evident that deposits of alleged 
Dakota age have a wide distribution in the United States, but that, in 
view of the discovery of still lower formations and the downward 
range of Dakota plants into them, much remains to be done to fix the 
basal limit of the Dakota, as well as to determine many points con- 
cerning its mode of formation and correlation. Inasmuch as the term 
‘* Dakota” is applicable as a designation of time as well as of a forma- 
tion, it is desirable that some criteria be established for its use in this 
connection. 


In summarizing the data the following facts are evident: 

1. That the original definition and description of the Dakota 
group was based upon a type locality, the Big Sioux River, where 
the earlier Cretaceous beds were not present. It was originally con- 
sidered the base of the American Cretaceous system, and was supposed 
to rest exclusively on beds of pre-Cretaceous age. 

2. That at the time of its original definition, before minute strati- 
graphic and paleontologic study had been sufficiently made, the for- 
mation as above defined was widely correlated throughout the Great 
Plains region north of Texas, in Kansas, Nebraska, and the Dakotas, 
and the Rocky Mountain and Atlantic coastal regions, with other 
isolated outcrops of arenaceous, ferruginous Cretaceous formations 
containing dicotyledonous leaves. 

3. That in most of these localities the top of the Dakota, so called, 
has been sufliciently defined to prove that it passes upward conform- 
ably into the Colorado division as now accepted. 

4+. That subsequent discoveries of beds of Lower Cretaceous age in 
the north Rocky Mountain and Texas regions render it necessary to 
add to the original definition a boundary between it and the beds of 
Lower Cretaceous age discovered since its original definition. 

5. That paleontologic criteria for recognition of the Dakota horizon 
by molluscan remains have hitherto been insufficient. Since these 
earlier studies the writer has shown that in southern Kansas the typi- 
val Dakota formation of Meek may be found resting on older marine 
Cretaceous deposits. He has also shown that by tracing the Dakota 
of the Rocky Mountain front down the valley of the Canadian it could 
be found in northeastern New Mexico resting on the undoubted upper- 
most horizon of the Comanche series. Investigations made in Mon- 
tana have proved that lower formations were accidentally included 
with the Dakota group as originally used. 

6. Finally, it has been shown that the most complete section of the 
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Cretaceous in North America, embracing an entire suite of separable 
beds extending from the Wealden to the Senonian, is to be found in 
central Texas. In this section the Woodbine formation contains not 
only the Dakota flora, but a unique molluscan fauna which occupies 
a position indicating Dakota time, resting on the uppermost beds of 
the Comanche series and lying beneath the Benton. Thus it strati- 
graphically satisfies the conditions of the Dakota formation and also 
occupies in fact the position to which Meek and Lesquereux had theo- 
retically assigned the Dakota group—i. e., as the base of the Meek and 
Hayden Cretaceous section, probably corresponding, as they said, to 
the Cenomanian stage. 


REASONS WHY THE WOODBINE FORMATION IS CONSIDERED TO OCCUPY THE DAKOTA TIME 
POSITION. 


While preferring the local name, the writer believes the Woodbine 
formation of Texas is of Dakota age, for the following reasons: 

1. It occupies the stratigraphic position of the Dakota. Like the 
Dakota of all the other regions, it lies beneath the beds of the Colo- 
‘ado division and continues up into them without stratigraphic break, 
and hence makes the base of the Upper Cretaceous series. It also lies 
unconformably above the rocks of the Lower Cretaceous with its 
well-defined characteristic and peculiar fauna, just as the Dakota of 
the other regions lies unconformably upon the beds of the Paleozoic, 
Trias, and Jura. 

2. It contains the dicotyledonous flora which is elsewhere found in 
the Dakota formation, and which has been the only paleontologic 
criteria for its correlation. 

3. It is of the same general lithologic aspect and maximum thick- 
ness—about 500 feet—as the Dakota, as seen throughout the Rocky 
Mountain and Great Plains regions. 

4. In addition, it possesses a peculiar molluscan marine fauna, dif- 
ferent from the faunas in the overlying Benton and underlying Deni- 
son beds. 

Here, then, we have in continuous section in Texas, as nowhere 
else, a formation occupying the Dakota time position, clearly defined 
between the overlying Benton and underlying Washita division, of 
the typical lithologic character, containing the Dakota dicotyledonous 
flora and a unique marine molluscan fauna, which should serve as a 
standard for the study of the Dakota formation in America. 
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EAGLE FORD FORMATION.? 
GENERAL CHARACTER AND LITHOLOGIC COMPOSITION. 


In the region discussed in this paper this is essentially a bitumi- 
nous clay formation, accompanied in places by thin laminated clay lime- 
stones and nodular septaria of blue limestone. These clays are notable 
in the Texas section, where the other clay formations are mostly of a 
marly nature by reason of their bituminous character, resembling the 
shales of the Cretaceous formations of the Rocky Mountain region and 
the northern part of the Great Plains. Dark-colored clays of this 
character, although prevalent in the Cretaceous formations of the 
Rocky Mountain region, are of exceptional occurrence in the Texas 
section, lighter colors usually prevailing. Hence the Eagle Ford for- 
mation, when compared to others of the region under discussion, is 
rather exceptional in this particular. Even these dark-blue clays 
become more calcareous in the upper layers and in the extension of the 
beds south of the Brazos, but north of that stream they form most of 
the medial and lower portion of the beds. From Dallas north the 
nodular septaria, locally called ‘‘turtles” or ‘‘niggerheads,” are of 
large size and abundant. These have often proved obstacles in well 
drilling. Portions of these shales are feebly oil bearing, as at Austin, 
Fiskville, and Waco, where frequently appreciable quantities of rock 
oil appear upon the surface of the waters. In age these beds are 
identical with the Benton formation of the Meek and Hayden section. 


GENERAL OCCURRENCE. 


The Eagle Ford clays occur in a north-south belt which underues the 
Eagle Ford Prairie and are coincident in extent with that topographic 
feature, as shown on the maps and elsewhere described in this paper. 
They also have considerable extent in the Red River counties, as seen 
in an east-west belt from Bells, Grayson County, east to the eastern 
part of Lamar. In the latter region good exposures are so few that 
it is almost impossible accurately to delineate the details of extent and 
thickness. 

Like the Woodbine formation, the Eagle Ford has its chief and 
greatest development northward, gradually decreasing in thickness to 
the south. Unlike the latter, its extent is continuous across the State. 
In the northern or Red River section, where this formation has its 
greatest development, it is of the character above described, consisting 
primarily of blue and black laminated bituminous clays, accompanied 
in places by large septaria and occasional thin, arenaceous laminze. 
Southward they become thinner, more marly, and more arenaceous. 

‘In the northern area, as far south as the Brazos, these clays succeed 
the Dakota by gradual transition. The upper beds of the Dakota pass 


1See Pl. XVIII, C; Pl. XIX, D; and Pl. XX, G. 
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from sands into sandy clays and then into the noncalcareous papy- 
raceous clays of the Eagle Ford formation. To the south, in William- 
son County, as well as at all other points south of Bosque River where 
it has been observed, the Eagle Ford shale rests directly and perhaps 
uncontormably upon the Buda limestone. The Eagle Ford beds are 
everywhere limited above by the white limestones of the Austin chalk, 
into which they pass rather abruptly. 

In the Red River counties east of Grayson County the Eagle Ford 
formation underlies much of the black land belt north of the Trans- 
continental Railroad between Bells, Grayson County, and Paris, Lamar 
County. Garretts Bluff, in northeastern Fannin County, is composed 
of blue marly Eagle Ford shale, with hard concretions (septaria). 
Sowells Bluff, Fannin County, rises 135 feet above the river and con- 
sists of a sandy clay shale, with the Eagle Ford septaria occurring 
just below a sandstone. ‘The characteristic Eagle Ford fossil here is 
Buchiceras swallovi Shumard (see PL. XL, fig. 2). The beds of this 
locality represent the gradation of the Woodbine into the Eagle Ford 
formation. | 

In western Grayson County these beds also underlie an extensive 
belt of prairie in the southwestern portion of the county belonging 
to the main Texas area, as seen between Sherman and Whitesboro. 
From Whitesboro they extend south in a continuous belt through 
Grayson, Collin, Dallas, Hill, and McLennan counties to the Brazos 
and thence on intermittently to the Rio Grande via Moody, Belton, 
Round Rock, Austin, New Braunfels, San Antonio, and Spofford. The 
outcrops of this formation make extensive black waxy lands of the 
fertile Eagle Ford Black Prairie lying between the White Rock scarp 
and Eastern Cross Timbers as far south as the Brazos. 

On Red River, in the Paris section, their thickness is estimated at 
600 feet; in the Sherman section, 600 feet; in the Dallas section, 
about 480 to 500 feet; near Midlothian, 350 feet; in the Waco section, 
south of South Bosque, 200 feet; in the Austin section, 30 feet; on the 
Nueces, 200 feet. 

In the counties of Dallas, Collin, and Grayson, where the beds have 
their greatest development, near Sherman, they show the following 
sequence: The lower portion is made up of very thin laminations 
of deep-blue or black clays with occasional laminz of sand, passing 
upward into purer clays locally containing irregular bands of thin 
‘alcareous matter and ferruginous clay nodules. This clay is usually 
highly indurated and of a laminated character. It is generally largely 
intermixed with selenite, which is disseminated through it in the form 
of minute lenticular crystals. Sometimes the gypsum is so abundant 
as to constitute a fourth or fifth of its bulk, and consequently the 
water flowing through this formation is generally bitter and disagree- 
able. In a few instances thin seams of selenite have been detected 
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traversing the clay horizontally, and in others the clay appears reticu- 
lated with the selenite. Small septaria composed of hard, compact, 
blue. argillaceous limestone are also sometimes met with in the lower 
bed. The only limestone element of the lower part of the formation 
occurs in the nodules or segregations embedded in the clay. These 
are generally flattened, from 1 to 2 inches thick, and vary in width 
from a few inches to 1 or 2 feet. They are usually hard, compact, 
and of an earthy texture. Externally they are of an iron-rust color, 
but when broken exhibit various shades of blue and brown. These 
nodules usually occur in the clay in the form of distinct bands or 
layers, which are nearly horizontal. Sometimes several of these bands 
are seen in the same section. 

In the central portion of the formation are a few persistent flaggy 
layers of laminated arenaceous-argillaceous limestone, seldom over an 
inck in thickness and aggregating 10 feet, which weather into buff 
colors. Although in themselves not very durable, these are of suffi- 
cient relative hardness to produce a distinct escarpment and dip plain, 
which makes a conspicuous topographic feature, as seen west of Dallas, 
between that city and Eagle Ford. These layers are also exposed in 
Grayson County, near the source of Mustang Creek, in northern Den- 
ton County, and west of Hillsboro in Hill County, and are apparently 
the base of the beds which in the southward extension constitute the 
prevalent material of the Eagle Ford formation. 

Succeeding these medial arenaceous layers are considerable thick- 
nesses of the blue-black clays in which are numerous spherical septaria, 
some of which attain a diameter of 3 feet. These are composed inte- 
riorly of a dense blue limestone and are cracked in numerous direc- 
tions by cross fissures which are filled with crystals of calcite and 
selenite. This portion of the section contains beautifully preserved 
fossils with a nacreous coating, including many ammonites, such as 
Buchiceras swallow, Placenticeras, ete. 

In the upper portion of these clays and about 50 feet below the 
summit of the formation in the Dallas and Sherman sections there are 
other calcareous and flaggy sheets containing numerous remains of 
fish teeth, Jnoceramus sp., and Ostrea lugubris Conrad (see Pl. XL). 
These flaggy, arenaceous layers increase in general thickness and in 
percentage of sand in their northward extension, having a thickness 
of 10 or 15 feet in Grayson County, as seen in the western portion of 
the city of Sherman. Above this there are 10 or 20 feet more of the 
blue laminated shale. 
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The following section at Sherman, Grayson County, Texas, 2 miles 
west of Binkley House, shows the character of the upper beds: 


Section No. 47.—Srcrion at SHERMAN, GRAYSON County, 2 MILES WEST OF BINKLEY 
House, TExAs (SEE Pt. XVIII, C). 


Total depth 
Thickness. | to bottom 
| of stratum. 


| 


7. Austin chalk. 


Eagle Ford shale: Feet. Feet. 
6. Sandy clay shales with O. lugubris -22-.-22222-2------ 2=i((0) | 10 
5. Thin slabs of brown sandstone with small rounded 
conglomerate of jasper pebble. O. Jugubris and fish 
teethi.: 2 cbc ns ce eee eee ee eee Eee 5 15 
4. Blue laminated clay, weathering into limonitie colors- - 10 25 
3. Massive agglomerate of O. lugubris. 222 2222255 -2--- 2 == 27 
: a : ; : 
2. Sandy clay shale in thin alternations of clay and sand; 
clay efflorescent and drab-colored on drying. O. Br 
igubris s2.2 dic 252 ees ae ee ee eee +40 67 


1. Blue clays with gigantic septaria. 


VARIATION OF EAGLE FORD FORMATION SOUTHWARD. 


While the Eagle Ford formation decreases in thickness southward, 
this decrease is apparently accomplished by the gradual disappearance 
in that direction of the lower beds of the formation, the upper calea- 
reous layers with laminated flagstones alone persisting and increasing 
in that direction, until at Austin they are almost the sole representative 
of the beds. 

The upper contact of the Eagle Ford clays and Austin chalk crosses 
the Brazos above the mouth of Bosque River. The lower contact 
between the Eagle Ford and the Buda formations may be seen in the 
high bluff of South Bosque River between Hog Creek and the Middle 
Bosque. The thickness of the formation in this general section has 
not been satisfactorily obtained. It is probably from 100 to 200 
feet. 

Southwest of Waco the Eagle Ford formation makes the base of the 
White Rock scarp along Bosque River. This overlooks a dip plain of 
the Del Rio formation to the west. Farther south the same scarp also 
includes the Del Rio clays, the two together overlooking a dip plain of 
the Washita limestone on the west. 

One of the best exposures of the formation is that seen in the bluffs 
of the Bosque at Prather’s tank, a few miles south of Waco. Here the 
beds consist of bluish and bluish-gray clays and arenaceous shales, in 
which many fish remains have been found. 

Between the Brazos and the Colorado the outcrop of the Eagle Ford 
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COMMON FOSSILS OF THE EAGLE FORD FORMATION. 


1, Inoce‘amus labiatus Schlotheim; 2, Buchiceras swallovi Shumard; 3, Inoceramus labiaius Schlotheim; 4, Inoceramus 
fragilis Hall and Meek; 5, 5a, 6, 6a, 7, 7a, 8, 8a, fish teeth; 9, Ostrea lugubris Conrad. 
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formation is a very narrow belt and in places is interrupted by fault- 
ing. It can be traced southward through Bell County, and is well 
shown about 4 miles west of Temple on the Belton road. 

Tn this region, where the Woodbine formation is missing, the Eagle 
Ford formation differs very slightly in general character from the 
underlying Del Rio clays. Like them, it forms a dark-brown soil, 
which makes it impossible to draw a line between the two, so closely 
do they resemble each other. The only marked stratigraphic differ- 
ence between them is that the Eagle Ford formation is highly lami- 
nated, while the Del Rio formation is not. The laminee often appear as 
shaly fragments on the weathered surfaces of the outcrops, and some- 
times as good-sized slabs which are weathering into lamin. In the 
Del Rio clays there is an almost entire absence of any hard rock. 

In Williamson County sections of the Eagle Ford shales are exposed 
on San Gabriel River below Town’s mill and on Brushy Creek 3 miles 
below Round Rock. Elsewhere, between San Gabriel River and 
Brushy Creek, the rock is concealed by surface soil and drift, which 
prevails over a considerable portion of the Upper Cretaceous here. 
At the locality below Town’s mill and 1 mile below the mill on San 
Gabriel River these beds are well exposed in bluffs 10 to 40 feet high. 
Here they show large lenticular bands of arenaceous laminated lime- 
stone, interstratified at the base with flaggy, arenaceous, and pyritous 
shale. In their upper portion they consist of stratified and laminated 
layers of bituminous shale, dark blue on fresh exposure and weather- 
ing light yellow, of very calcareous, bright yellow, laminated clay, with 
calcareous, chalky, soft flagstones at the top. There are many shades 
of color, from dark blue to bright yellow and white. Ammonites sp. 
ind. occurs in the lenses and lenticular bands of indurated lime at the 
base of the bed. Fish bones and teeth are scattered in the arenaceous 
flagey and pyritous shale. The flagey layers contain numerous small 
undetermined Ostrea. A band of blue granular shale near the center 
of the bed contains many small brown fish scales, beautifully marked. 
Higher strata carry numerous individuals of a large flat /noceramus. 
Fragments of fish bones and teeth can be detected throughout the 
whole bed. An occasional thin band is composed almost wholly of 
fragmentary fish remains. On striking this shale sharply with a ham- 
mer, or rubbing two pieces briskly together, a fetid odor, as of bitu- 
men or of crude petroleum, is produced. 

In the Austin section (see Pl. XX, #’) the shales are reduced to a 
thickness of less than 50 feet, and have the lithologic character of 
the Williamson County beds, which is that of the indurated calcareous 
beds of the northern division. Some of these layers make fair flag- 
stones, suitable for structural uses. The formation is exposed in the 
Sixth ward of the city and along the breaks of Shoal Creek, where 
its contact with the Buda limestone is well shown. It is also well 
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displayed in the banks of Bouldin Creek, on the south side of the 
river. The outcrop of the beds in this vicinity weathers into a rich 
black soil, bearing a growth of mesquite and hackberry. The forma- 
tion here can always be distinguished by its laminated character, a 
feature not present in the other limestones of the vicinity. Fish 
remains, Ostrea, and Jnoceramus also abound in these beds at Austin. 

The following fossil vertebrates from the top of the Eagle Ford 
formation at its contact with the Austin chalk were collected at 
Bosque farm, southwest of Waco, Texas, by Mr. J. L. Prather, and 
have been determined by Mr. F. A. Lucas, of the United States 
National Museum: Clidastes, Icthyodectes, Xiphactinus, Protosphyrena, 
Oxryrhina extenta, and fragments of Plestosaurus and possibly Cimo- 
ViASAUPUS. 

From Austin southwestward the Eagle Ford formation thickens 
again, until near Brackett it attains a thickness of 250 feet. 


PALEONTOLOGY OF EAGLE FORD FORMATION. 


The Eagle Ford clays in their entirety are not very fossiliferous, 
except in the upper portion. In the northern areas the lower blue-clay 
portion contains several characteristic ammonites, such as Buchiceras 
swallovi (Pl. XL, fig. 2) and a few other forms which are preserved 
with their nacreous shell coloring. In the medial beds fossils are 
rarely found, except in the septaria. The arenaceous layers of the 
upper portion are remarkable for the number of fish remains, chiefly 
teeth, which abound in them, and contain also the following species: 

Ostrea lugubris (Pl. XL, fig. 9) is a characteristically marked fossil 
of a certain bed near the top of the Eagle Ford shales north of the 
south line of Dallas County. It appears in the city of Sherman, at a 
ravine near the northeast corner of the female college, and south of 
Cook Spring, 5 miles north of the town. One mile west of Sherman 
it forms a solid mass 4 to 5 feet thick. This bed decreases in size as it 
continues south, and disappears beyond the Brazos.  /noceramus 
fragilis and I. labiatus (see Pl. XL, figs. 1, 3, and 4) and a small form 
like O. congesta are abundant in the upper portion of the beds. 

In all, the following invertebrate fossils have been reported from the 
Eagle Ford beds: 


Placenticeras syrtalis Mort. var. cum- | Anchura modesta Cragin. 

minsi Crag. Fusus graysonensis Cragin. 
Ammonites woolgari Mort. Natica striatacostata Cragin. 
Sphenodiscus dumblei Cragin. Neritopsis brangulatus Shum. 
Buchiceras inequiplicatus Shum. O. lugubris Conrad=O. belliplicata Shum. 
Buchiceras swallovi (Shum. ). Inoceramus fragilis Hall and Meek. 
Tapes hilgardi Shum. I. labiatus Schlotheim. 
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HILL.) CHALKY BEDS AT AUSTIN. 


AUSTIN CHALK. 
GENERAL CHARACTER AND LITHOLOGIC COMPOSITION, 


Owing to its whiter color and greater induration, this is the most 
readily distinguishable of the several formations of the Upper Creta- 
ceous, which are mostly unconsolidated clays (see Pls. XLI, XLI, 
XLII). These facts make it a most important datum point in differ- 
entiating the strata of the Upper Cretaceous and are of special value 
in aiding in the determination of the depth of underground waters. 
Hence the formation will be frequently referred to in the economic 
discussions of this paper. 

The formation consists of beds of impure chalk containing 85 per 
cent or more of carbonate of lime, interstratified with softer beds of 
marl. It is usually of an earthy texture, free from grit, and when 
freshly exposed easily cut with a handsaw. Under the microscope 
the material shows calcite crystals, particles of amorphous calcite, 
and the shells of foraminifers, mollusks, echinoids, and other marine 
organic débris, such as usually constitute chalk formations. 

The saturated subterranean portions of the rocks have a bluish 
color, but the air-dried indurated surfaces are glaring chalky white. 
The air-dried rock usually weathers in large conchoidal flakes, with an 
earthy fracture. Occasionally small nests of pyrites of iron occur in 
the fresh rock. On weathered surfaces these are usually altered into 
round balls of marcasite an inch or less in diameter. Streams of rust 
from these locally discolor the face of the rocks in places, 

The Austin chalk was called magnesian limestone by some of the 
earlier writers, and is still:so called by some persons. Only a small 
percentage of magnesia is found in it. The following analysis shows 
its average chemical composition: 


Average composition of Austin chalk. 


Rocky 
Texas. Comfort, 
Arkansas. 
Chlkotician GRA NOORWOS . 5 pho BSS a oS O SSE te eee ae eee 82.512 84. 48 
SMA CeMNSOMTADLenstiGa tesa seem = eles e see eeclenlers ces 11. 451 SLE 
Renncroxaideyan dealuminnare sash aa eee celsine fee ee 3.618 125 
MEGMOSICY so S666 CUNO EOS COOSUD SEO SREB DEE e OCI Sere ere 1.189 Trace. 


The individual beds vary slightly in hardness, although 
In the 


of surface induration is considerable in places. 


igneous intrusions, as near Austin, the rock is somewhat 


the degree 
vicinity of 
altered by 


contact, having been converted into marble at Pilot Knob, south “of 
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Austin. In general the formation regains its usual aspect a very few 
feet away from these intruded masses. 

On account of the compactness of the formation the streams cut- 
ting through it form bluffs on one or both sides, in which the stratifi- 
cation and effects of weathering are most finely displayed. The marly 
and softer limestone bands are readily removed, leaving the harder 
layers projecting in rounded or subangular shelves. The result is 
that the face of the bluffs is carved into alternations of horizontal 
grooves and ledges of great persistence, which extend along the bluffs 
until they finally disappear with gentle dip beneath the surface. In 
localities great masses have fallen from the bluffs. 

On complete disintegration the Austin chalk weathers into a black 
residual soil, very similar in appearance to that of the adjacent forma- 
tions. Though the regolith is not so deep or productive as that of 
the Eagle Ford country on the west or the Taylor marls on the east, 
it forms in the aggregate a vast area of excellent agricultural land. 
As this soil mantles the uplands and divides, it is only with difficulty 
that the formation can be determined in such areas. In the slopes 
and drainageways the formation 1s very conspicuous by reason of the 
glaring white color of its outcrops. Such outcrops of the chalk form 
ribbons of white rock in the normally dry beds of the intermittent 
creeks and high undermining bluffs along the courses of the larger 
rivers. Some of these bluffs, like those west of Waco and on the south 
side of the Colorado at Austin, are picturesque. 


RELATIONS TO OVERLYING AND UNDERLYING FORMATIONS. 


Throughout the area included in this report the Austin chalk rests 
upon 5 to 10 feet of finely laminated and usually arenaceous, calcare- 
ous, argillaceous yellow to bluish material constituting the top of 
the Eagle Ford formation, and ordinarily termed the Fish beds. The 
formation passes upward into the Taylor marls without stratigraphic 
break. Southeast of Waxahachie, at the upper contact or parting 
between the Austin chalk and the Taylor marl, the marl rests directly 
on the massive upper strata of the chalk, the transition being very 
abrupt; but south of Waxahachie there are several feet of calcareous, 
arenaceous marl intervening between the two divisions which are 
included with the chalk. 

The thickness of this formation is difficult to determine with accu- 
racy. Southeast of McKinney it is 625 feet; at Waxahachie, 550 feet; 
and, southeast of Sherman, Dallas, and Waco it is estimated to be very 
nearly 600 feet thick. At Austin, according to the log of the Manor 
well, it is about 410 feet thick, but the exact thickness has not been 
determined. 

The most eastern outcrop of this chalk is in Little River County, 
in the southwest corner of Arkansas, but it is not found in Indian Ter- 
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ritory. Owing to faulting it is largely concealed along the south side 
of Red River until the Cooks Springs fault is crossed, north of Sher- 
man. From 2 miles north of Sherman southward to the Rio Grande, 
in the main Texas region, the Austin chalk outcrops as a narrow belt 
in a general region of Black Prairie. 

The interior or western outcrop of the Austin chalk makes the con- 
spicuous topographic feature elsewhere described as the White Rock 
escarpment, and passes from Sherman to Austin through or near 
McKinney, Dallas, Hillsboro, Waco, and Temple. From Austin the 
outcrop continues through New Braunfels, San Antonio, and Fort 
Clark, crossing the Rio Grande between Del Rio and Eagle Pass. It 
is an interesting fact that the larger cities and towns of the Black 
Prairie region, like Sherman, McKinney, Dallas, Waco, Austin, New 
Braunfels, and San Antonio, are built upon this formation, the sites 
having been originally chosen, no doubt, on account of the better 
natural conditions for habitation, such as stable foundation, superior 
water, building material, shade, and higher altitude relative to the 
adjacent Black Prairie. 


DISTRIBUTION, THICKNESS, AND PALEONTOLOGY. 


The local details of the outcrop of the formation, so far as known, 
are very much the same wherever encountered, although its variations 
have not been as minutely studied as have those of the underlying 
formations. Where first seen in the woods of Little River County, 
Arkansas, it is largely concealed by superficial deposits and vegeta- 
tion, outcropping as glaring white spots in a region otherwise made 
up of different-colored soils derived from the higher formation. 
Here and there in the vast areas of black soil between Paris and Gar- 
land there are several outcrops of white rock, some of which are ten- 
tatively held to be the Austin chalk. 

The main belt of the formation is exposed along the White Rock 
scarp, as previously described, between Sherman and Austin. Here 
the chalk outcrops in low but steep cliffs, with crumbling débris, and 
in places is partially covered by tree growth of live oak, hackberry, 
and juniper. The chalk is seen to advantage only along this western 
border of its outcrop. Excellent exposures are shown from Oak 
Cliffs, the western suburb of Dallas, south through Dallas and Hill 
counties, nearly to Waco. Eastward, away from the scarps, the out- 
crop is a dissected treeless dip plain, cut into numerous low mammil- 
lary hills, with rounded slopes, making a north-south belt averaging 
about 5 miles in width. This plain slopes gently eastward, and 
deeply cut drainageways have made numerous valleys across it. 

The chalk is very conspicuous in places on the south side of the 
Brazos at Waco, making the beautiful white cliffs of the Brazos 
known as Lovers’ Leap, a few miles west of Waco. It is exposed in 
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the cuttings of the Cotton Belt Railway toward Gatesville, ending as 
the cap of the escarpment one-half mile east of South Bosque River. 
It is also seen along the Missouri, Kansas and Texas Railway between 
Waco and Lorena. 

From Brazos River south to Belton, the Austin chalk, covered with 
a thick growth of cedar and some oak, forms the harder cap of the 
White Rock scarp, the base of which in this region usually consists 
of the softer Eagle Ford and Del Rio clays. No finer illustration of 
the relation of relief to formation can be found than along that portion 
of the White Rock scarp which forms the great bluffs overlooking the 
3osque southwest of Waco. As in many other places, the normal 
course of the Bosque is here sharply deflected by this scarp: » On 
meeting the scarp the river, which has been flowing southeast toward 
the Gulf with the dip of the lower rock sheets, turns at right angles 
to its former course and flows northeastward with the strike of the 
chalk. Farther south, toward Belton, the scarp is not so abrupt. The 
growth of trees on the chalk also practically ceases here, leaving open 
prairie. In every other essential detail the same features can be seen 
here as farther north. 

The eastern border of the Austin chalk is difficult to delineate, inas- 
much as its gradation into the Taylor marls is largely concealed by 
the upland black soils. The chalk can be seen along this border only 
in the drainage and railway cuts or when revealed by well-holes. This 
eastern border is exposed at Garland, in Dallas County. Four miles 
beyond the latter place, on the railway to Rockwall, there are big cuts 
through yellow marl resembling the Taylor, which is also well exposed 
at Rowlett. One mile east of Garland, Taylor marls can be seen on 
top of chalk. At Arnold, 6 miles east of Dallas, the chalk is exposed 
ina well. Exposures can be occasionally seen along the eastern bor- 
der in Hill, McLennan, and Bell counties. 

Still southward, through Williamson County, the eastern parting of 
the Austin-Taylor chalk is seen in a creek 2 miles southwest of Hutto. 
It likewise outcrops at Palm Valley, where it is covered with live oak 
and is very much jointed. Its continuation south through Travis 
County is shown upon the map. 

Taff has presented a study of these rocks along a section line in 
Williamson County, which shows their typical occurrence in Williamson 
and Travis counties. Here the rock at the base is a comparatively 
firm chalky limestone, marly to arenaceous lime in the central portion 
and lime marl atthe top. The whole is stratified in beds from 6 inches 
to 10 feet thick, light blue to cream colored before oxidation, and 
cream colored to pure white after long exposure. There are rarely 
thin bands of argillaceous lime, which crumbles readily on exposure. 
Along bluffs and banks of creeks these argillaceous bands form recesses 
by rapid disintegration, leaving the more indurated limestone layers 
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CHARACTERISTIC FosstLS OF THE AUSTIN CHALK. 


Fig. 1. Radiolites austinensis, Roem. 

Fias. 2, 2a, 2b, 2c. Terebratulina guadalupze Roem. 

Figs. 3, 3a. Ammonites dentatocarinatus Roem. 

Fias. 4,4a. Mortoniceras texanum Roem. 

Fig. 2 is enlarged 5 times; other figures are natural size. 
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projected in parallel benches. Even in the thick bed there is much 
variation in their resistance to weather, which is governed by the 
varying percentage of siliceous material of which they are composed. 

From the base upward for about 200 feet the limestone is in its 
purest state and occurs in massive beds from 2 or 3 to 10 feet thick, 
with borders of slightly argillaceous limestone. /ortoniceras texanum 
(see Pl. XLIV, figs. 4, 4a) and a large species of Jnoceramus are 
found. Typical exposures of this portion occur along the immediate 
bank of Brushy Creek from 23 to 6$ miles below Round Rock. 

The succeeding strata become slightly arenaceous, containing about 
10 per cent of silica, and occur in slightly thinner beds, which are 
much more fossiliferous than the more chalky layers below. These 
slightly arenaceous beds, the exact thickness of which is not known, 
pass up into a marly chalk about 60 feet in thickness, containing vast 
numbers of a small gryphea of the variety called Gryphawa aucella 
(see Pl. XLV, figs. 4, 4a) by Roemer, associated with Lxogyra ponderosa 
(see Pl. XLV, fig. 1). Above the foregoing the beds become still more 
marly in character and contain many specimens of /ixogyra ponderosa 
and Ostrea diluviana (see Pl. XLV, fig. 2). The latter fossil is peculiar 
to this zone, which is considered the conventional top of the Austin 
chalk. Above these there are about 100 feet of chalky marl of a dull 
yellowish-blue color, containing many fossil Ammonites, Baculites, 
Anomia, Inoceramus, Pecten, and especially Ostrea larva (see PI. 
XLVIUII, figs. 5a and 6), which are placed in the base of the Taylor 
marls. 

The exact thickness of the Austin chalk at Austin could not be accu- 
rately estimated on account of the disturbances incident to the Bal- 
cones fault, which passes west of its border, through Round Rock and 
Georgetown. Small faults, with throws both east and west, transect 
the beds at short intervals and cause the dip to vary to such a degree 
that it is not reliable for estimating the thickness of beds. It varies 
locally from 5 degrees toward the southeast to zero, and in a few 
instances it is slightly reversed. By an estimate based upon the Eagle 
Ford shale beneath the Austin limestone, the dip of which could be 
determined, the base of the chalk was found to dip about 8. 30° E. 
nearly 100 feet per mile. The average width of the chalk on a level 
surface in the direction of the dip is nearly 6 miles. The thickness 
by this estimate would be 600 feet in Williamson County, but this is 
probably an overestimate. 

The Austin chalk continues in a narrow belt through Travis County, 
where it is typically exposed in the city of Austin on both banks of 
the Colorado from the mouth of Bouldin and Shoal creeks eastward 
to Montopolis Bridge, the piers of which rest upon its uppermost 
stratum. Excellent exposures are seen in all the streets, bluffs, and 
creeks in Austin, and the State capitol is built upon the formation. 
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The Austin chalk is characterized by many fossils, especially in the 
southern portion of its extent. Large specimens of /noceramus are 
numerous from the base to the top. Kvregyra lwviuseula (see PI. 
XLV, fig. 3) and Lzxogyra ponderosa are abundant and especially 
numerous in the upper bed; fadol/tes austinensis (see Pl. XLIV, 
tiv. 1) and several other unidentified forms are found in various 
strata; Baculites, Placenticeras, Mortoniceras teranum, and Nautilus 
dekay? also occur. 

TAYLOR FORMATION.’ 


UNCONSOLIDATED CHARACTER OF UPPER CRETACEOUS. 


\ 


The Cretaceous section above the Austin chalk in the Black Prairie 
region of Texas is composed almost entirely of unindurated layers, 
firm rock strata being very few and exceptional. The beds are prin- 
cipally calcareous clays which weather so rapidly into a mantle of 
thick black soil that continuous sections of them can not be seen or 
measured with accuracy, and hence their thickness, sequence, and 
general character must be judged largely from well holes. These 
unindurated uppermost Cretaceous strata in places, as at Corsicana, 
are fully 2,000 feet thick. They can be differentiated, after a manner, 
into two general formations, the lower of which may be termed the 
Taylor and the upper the Navarro. In some places, notably in the 
northeastern corner of the State, the upper formation, which will be 
described later, is separable into several members. 

GENERAL FEATURES AND THICKNESS OF TAYLOR FORMATION. 

The Taylor formation consists of calcareous clay marls which are 
locally known as ‘‘joint clays.” These are blue-black in the substruc- 
ture, but weather into a deep regolith consisting of a whitish-yellow 
subsoil and a dense black soil which characterizes the main ‘* black 
waxy” belt of the Black Prairie. The regolith is jointed, laminated, and 
friable throughout, having a crackled appearance when dry. Because 
of their rapid surface disintegration the character of the unaltered 
beds is seldom seen except when their material is brought up by the 
well digger or is exposed in freshly cut ravines or creeks. To the eye 
this clay marl is generally lacking in siliceous material, although a 
portion may be detected by chemical analysis. The bituminous matter 
which characterizes the Eagle Ford formation and the grains of glau- 
conite which are found in the rocks of the overlying Navarro beds are 
also less notable. Their accessory constituent is lime, in a chalky 
condition. The marlsare of fine consistency, compact, and apparently 
massive until their laminated character is developed by exposure, At 
the Blue Bluffs of Colorado River (see Pl. XLVI), 6 miles east of 
Austin, and a few other localities, good natural exposures are afforded, 
where portions of the clays can be readily studied and diagnosed, 


1Exogyra ponderosa marls of the author’s earlier writings. 
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CHARACTERISTIC FOSSILS OF THE AUSTIN CHALK 


1, Exogyra ponderosa Roemer (one-half natural size); 2, Ostrea (Alectryonia) di'uviana Lamarck; 3, Exogyra laeviscula 
Roemer; 4, 4a, Gryphaa aucella Roemer; 5, Hemiaster texanus Roemer 
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These maris may be said to commence quite above the zone of Ostrea 
(Alectryonia) diluwiana (see Pl. XLV, tig 2), which occurs at the top 
of the Austin chalk. The lower portion of the clays is often calcareous 
and very fossiliferous, containing many specimens of Hzxogyra ponder- 
osa (see Pl. XLV, fig 1). 

The middle portion of the beds is apparently devoid of all well- 
preserved fossils, yet impressions are abundant in places. At the 
top, as seen at various places in Travis County east of Austin, the 
beds grade into the slightly arenaceous and concretionary fossiliferous 
marls of the Navarro subdivision. 

The Taylor and Navarro formations have not been differentiated 
north of the San Gabriel section, although both are well developed 
and can be seen in frequent exposures. In the Red River counties, 
also, they have not been differentiated. 

Owing to lack of outcropping sections for measurement it is difficult 
to ascertain the exact thickness of this formation or to separate it 
from the overlying Navarro formation. In the latitude of Austin, as 
determined from the well at Manor, the beds are about 650 feet thick. 
In north Texas we have no reliable records by which to estimate their 
thickness. At Corsicana there are at least 1,500 feet of clays above 
the Austin chalk, a portion of which belong to the Taylor marls. Taff 
gives the Taylor marls nearly 1,000 feet in Williamson County, but 
this is probably overestimated. Six hundred feet of the Terrell well 
section at San Antonio may belong to the Taylor beds. 


ANALYSES OF TAYLOR MARLS. 
The following typical analyses of the Taylor marls from Williamson 
County have been published by Mr. J. A. Taff:' 


Analysis of marl from lower portion of bed, 


Rer:cent, | Per cent. 
Viatergay tories pes atte ate tgs AOOM Cat bOnicracldees esa eee eee 10. 36 
SIT Gare reece te te tee cit iy AN) (O25 || UEtOGYS) ol ee ee oe ee oe . 975 
IWIN Ge sees ats aes a ee eae id), Boal) SOC eae eos pes BAe ac aeee ae ae 3h 
IMA OTICSI AW ey se elses = ep ae INoner |e hosphoriciacide ssc. sease= == 5 alates} 
Sulphuniciacid eases ee see =e 5 Oi e PREP 
PAU Un ape arr as yo ee es 16.17 Total .-..--.----+--+---- 1005228 
Herni cox desecrate te 4.78 


Analysis of marl from central part of Taylor mart bed. 


Per cent. Per cent. 
Vicente wan euete Abe J Ee Gh Gs |} Choon MOC) seassocnasedsosae 8. 30 
Si Gappeey semen Le Soa roe AS MOM ObAS Mt 2 his Sei cle Le eae 2 1.14 
Grr Cpe es en ets eae Ne TL AQ AWASHore Fete 5 2 aes pee are cen ae ae 3. 07 
Ia oT eSIa esse see eae races ehosphorickactderes=—s2- 2c see . 109 
Sulphumciacidiee=sssee se a 22 
AEs ees ew yin 16. 10 RG Cay eat soe ese aire 99. 989 
Hern Cloxid Caeereen ae eee oe 4,87 


1Third Ann. Rept. Geol. Survey Texas, Austin, 1892, pp. 356, 357. 
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Analysis of marl from Taylor marl bed, on Brushy Creek. 


Per cent. | Per cent. 
Water 22592 2).2 92) eee eH id || Cando eel ose osbsesssn eae 22. 80 
Siliea .. oe ek Sea ee 28) 343) 20 CASTS: ae ee yer open ae . 29 
Juin: Star Geese eee 2977.6.) ‘SO daceret ere eesti ee eae 2. 04 
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Sulphuniclacid = sss eee 1.04. =e 
Adnan. 2,455 2 ee ee ene ee 7.50 Total -..--.------------- 99.578 
Hernic oxidases eee see eee 3. 92 


NAVARRO FORMATION, 
GENERAL CHARACTER, RELATIONS, AND VARIATIONS. 


The Navarro formation includes the highest beds of the Cretaceous 
which outcrop along the eastern portion of the Black Prairie region 
and of the northern margin of the Rio Grande Plain. This formation 
is the upward continuation of the Taylor marls, the one passing into 
the other by gradual transition. The chief lithologic differences are 
that the clays, chalks, and sands composing the Navarro formation con- 
tain more or less sand and glauconite, while the Taylor marls are 
apparently free from those substances. Besides these lithologic differ- 
ences, there are conspicuous changes in the fossils. The latter become 
more plentiful in the Navarro formation and have the same charac- 
ter as those of the Upper Cretaceous of the New Jersey and Alabama 
regions, of which they are the equivalent and continuous beds, being 
especially marked by Gryphea vesicularis, Exogyra costata, Ostrea 
larva, Sphenodiscus lenticularis, and numerous other forms. (See Pls. 
XLVII and XLVIIL.) 

The beds of this uppermost formation throughout its whole extent 
from New Jersey to the Rio Grande are largely concealed beneath the 
overlap by the Tertiary and Pleistocene deposits, and in general out- 
crop only in exceptional localities, where these later formations have 
been eroded away. Furthermore, in Texas they occupy a region of 
sublevel soil-covered prairie where it is impossible to map good expo- 
sures and connected sections. 

North of the Sulphur Fork, owing to the fact that the overlying 
formations are usually composed of a contrasting material of different 
texture and composition, the underlying Navarro Cretaceous may be 
recognized. South of that stream the surficial deposits are derived 
largely from the Cretaceous material and assume similar surface 
aspects. Hence in large and frequent areas the formations are almost 
indistinguishable. 

In the southwest corner of Arkansas and in the Red River coun- 
ties the uppermost Cretaceous beds show considerable stratigraphic 
differentiation, consisting of beds of glauconitic clay marl, chalks, and 
glauconitic sands. South of the Sulphur Fork of Red River to the 
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Colorado the beds consist almost exclusively of glauconitic sand and 
clay marls, there being only a few local occurrences of secondary 
limestone or arenaceous flags. 

From San Antonio westward to El Paso the beds of the uppermost 
Cretaceous consist of yellow clays, impure ferruginous limestones, and 
beds of lignite, and exhibit a general increase in thickness, showing a 
transition to the facies of the synchronous beds of the Rocky Mountain 
region. 

PREVIOUS ATTEMPTS AT CLASSIFICATION. 


For convenience the author has in previous papers spoken of the 
formation as it occurs from San Antonio north, where it presents 
facies of the Atlantic States, as the Glauconitic division, and of the 
beds of the Rio Grande and Trans-Pecos region, as the Montana divi- 
sion, the latter name having been previously used for the allied forma- 
tions in the Rocky Mountain region. The term Glauconitic has always 
been considered unsatisfactory, inasmuch as it is not a geographic 
word. The word Montana can not be used with certitude for the beds 
of the northern area until they are proved by paleontologic evidence 
to be identical with the Rocky Mountain deposits bearing that name. 
The beds of the two regions are different in lithologic aspect, and 
must be distinguished until they are proved to be the same. In the 
present paper the term Nayarro will be given to the formation as it 
is known east of the Colorado. The term Ripley has been used as a 
generic one for beds of the Navarro formation in Texas, but without 
specific definition. Since the word Ripley was originally restricted 
to some of the many beds in Mississippi composing the equivalent of 
the Navarro formation as a whole, it is hardly appropriate to apply 
that name to the formation in Texas. 

Notwithstanding various attempts on the part of the writer and 
others, the parting between the uppermost Cretaceous beds and the 
Basement beds of the Eocene Tertiary which borders it on the east 
can not be accurately mapped at present. The substructure is uncon- 
solidated, and is but rarely exposed, and then only at places in the 
drainageways. The soils are deep and mantle the whole supertices. 
Furthermore, there are surficial deposits derived from the Cretaceous 
beds which it is difficult to distinguish from the substructure. 


DISTRIBUTION AND OCCURRENCE. 


The beds of the Navarro formation occur in southwest Arkansas as a 
group of inliers within the Eocene and Pleistocene area, and have been 
described in the writer’s Arkansas report.’ The details of their con- 
tinuation into Texas have also been extensively studied, but, owing to 
the difficulties of the problems encountered, these studies have not 


1Ann. Rept. Geol. Survey Arkansas for 1888, Vol. II, Little Rock, 1888. 
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been carried to completeness and much remains to be found out.! 
Their occurrence in the Red River counties has also been briefly 
_ described by the writer.” 

The formation is first seen in Texas, in the Red River tier of coun- 
ties—Red River, Lamar, Fannin, and Delta. Its easternmost occur- 
rence is in two small spots in Bowie County, north of DeKalb station, 
upon the Friese place, where it consists of caleareous glauconitic 
sands beneath the overlapping Tertiary and river alluvium. This mode 
of occurrence is geologically known as an ‘‘inlier,” and there are sey- 
eral more of these inliers to the south, well within the Tertiary area 
in Wood, Smith, and Anderson counties. These are in the direct line 
or strike of the Arkansas beds, which they resemble in detail, and 
their mode of occurrence indicates the overlap of extensive areas of 
the eastward extension of the Cretaceous by Eocene deposits. The 
outcrops of the formation become more extensive in area along the 
interior margin of the Atlantic Timber Belt in, northern Texas, and 
attain considerable development in the southern half of the Red River 
tier of counties, as far west as Delta County, whence they deflect south, 
and thence on make the eastern margin of the Black Prairie as far 
south as Webberville, on the Colorado. 


SUBDIVISIONS OF NAVARRO FORMATION. 


In southwest Arkansas and northeast Texas, along the region ad- 
jacent to Red ‘River, the Navarro formation presents the following 
distinct lithologic units, beginning with the lowest: 

Brownstown beds.—Y ellow clay marls resembling, lithologically, the 
Taylor marls, already described, but different from them by the pres- 
ence of a quantity of glauconitic grains, interspersed throughout and 
characterized by different fossils. These beds have great development 
in Hempstead and Clark counties, Arkansas. 

Roxton beds.—A glauconitic caleareous stone outcropping near Rox- 
ton and Honey Grove in Texas, and at the base of the White Cliff 
section on Little River, Arkansas. 

Anona chalk.—This bed is composed of the purest white chalk, the 
White Cliffs chalk of the writer’s earlier papers. It occurs in Texas 
in the vicinity of Clarksville and Anona, Red River County, and is 
typically exposed in Arkansas along the White Cliffs of Little River 
in Hempstead and Sevier counties, where it has a thickness of about 
100 feet. 

Washington beds.—The Washington beds, surmounting the Browns- 
town marls, are composed of glauconitic sands. The glauconite occurs 


1Since this paper was written Mr. J. A. Taff, of the U. S. Geological Survey, has made a stil! later 
study of the areas of the Navarro formation in southwestern Arkansas in connection with their 
economic products. His report will appear in the Twenty-second Annual Report of the Survey. 

2Geology of parts of Texas, Indian Territory, and Arkansas adjacent to Red River: Bull Geol. 
Soe. America, March, 1894, pp. 297-288. 
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1, la. Exogyra costata Say 2. Gryphzea vesicularis Lamarck 
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in so great abundance as to give the deposits the character of the marl 
beds which are worked for fertilizers in New Jersey, with which these 
Arkansas beds seem paleontologically identical. These beds are not 
positively identifiable in Texas, being mostly overlapped by the Ter- 
tiary formations. 

Arkadelphia beds.—The arenaceous Washington beds are succeeded 
in Arkansas by a very black, compact, laminated clay shale, with thin 
partings of ferruginous sand, as exposed at Arkadelphia, Arkansas. 
This is a formation concerning the age of which the writer expressed 
doubt in his report upon Arkansas, and provisionally considered it the 
base of the Eocene. The subsequent investigations of Harris resulted 
in paleontologic determinations which must place these beds at the 
top of the Cretaceous. 


DIFFICULTIES OF CORRELATION SOUTH OF RED RIVER. 


It will be seen that the succession of glauconitic chalk, glauconitic 
marls, glauconitic sands, and clay in this upper division of the Cre- 
taceous in northern Texas and southern Arkansas presents as great a 
variation in sedimentation as is found in all the other divisions col- 
lectively. The writer must confess his utter inability, notwithstand- 
ing vears of study, to correlate the various outcrops of these beds, 
nor can it be done except by minute paleontologic research, such as he 
has not had opportunity to undertake. 

Beginning in the eastern Red River country, the sandy glauconitic 
beds of the Roxton character outcrop in places as far west as Ladonia, 
Fannin County. In the vicinity of the latter point, where the influ- 
ence of the Cook Spring fault has no doubt affected the strike and 
outcrop, and where there is so deep a mantle of black soil, even 
hypothetical correlations can not yet be made of the beds and their 
extent south. 

Marls of the same character as the Brownstown occur as far west 
as the Kickapoo in Delta County and south of Paxton, Lamar County. 

The chalky (Anona) beds (the White Cliffs chalk of the writer’s 
Arkansas section) outcrop at Clarksville and thence via Paxton and 
Honey Grove nearly to Bonham, but are not known south of these 
points. The writer has considered this chalk to represent a higher 
horizon than the Austin chalk, but its exact relationship is subject. to 
future determination. 

South of the Sulphur Fork of Red River to the Colorado, beds of 
the Navarro formation make the eastern margin of the Black Prairie, 
but their substructure is so poorly exposed in the level Black Prairie 
country that it has thus far proved absolutely impossible to classify 
them in a satisfactory manner, or even to draw definite lines of demar- 
cation between them and the underlying Taylor marls. The following 
outcrops have been noted in this district. 
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At Payne’s store sandstone and greensand are observed in the 
Navarro formation. At Rockford Bridge over Cow Creek Fork of 
the Sabine, 13 miles northwest of Lone Oak, greensand and limestone 
occur. These are probably the uppermost Cretaceous beds exposed 
north of Colorado River. Fossils were observed in the Navarro for- 
mation, 1 mile west of Terrell, in a railway cut. 

Near Farmersville the Navarro formation consists of black and 
yellow clays and (like the Anona) very thick white joint clays with 
white nodules. A few sandy strata were noticed in the Navarro for- 
mation 3 miles northeast of Farmersville, where the black lands end. 
One mile beyond large white phosphatic-looking nodules were seen in 
the clay. At Celeste the rich black lands are underlain by joint clay 
with characteristic glauconitic grains. 

Glauconitic clays also occur 4 miles south of Wolfe City. One mile 
north of the same place there is a big cut with glauconitic bowlders in 
clay. A white sandy rock is seen in the Navarro formation 13 miles 
south of the station at Ladonia. A highly disturbed outcrop,of white 
rock occurs in the cut north of Pecan Gap station. Ben Franklin is 
situated on the Navarro Cretaceous. The Navarro formation bears 
timber all the way from Pecan Gap to Roxton. One mile east of 
Roxton a section in a creek shows white rock in the bed, with lemon- 
yellow clays above. Two miles east of Roxton a true white rock 
(chalk) is exposed in a small creek; the horizon is uncertain. 

From Sulphur River, in Delta County, to the Brazos there are two 
lithologic phases of the upper beds of the Navarro formation, but these 
can not as yet be satisfactorily correlated with the beds of the Red 
River and Arkansas sections. They may be called the Corsicana and 
the Kemp beds. 

Corsicana beds.—The Corsicana beds are a brown sandy marl, with 
an occasional band of hard, calcareous sandstone in its upper portion. 
The sand is exceedingly fine, and is usually so mixed with clay as to 
be almost imperceptible. There are a few very fine pebbles of jasper 
and quartz in the upper part of the formation embedded in the clay. 
The whole weathers into a sticky black sandy soil. This formation has 
its greatest development in Navarro County, making a north-south 
belt through the county. Its eastern edge extends from Richland 
Creek 1 mile above the mouth of Pine Creek, through the town of 
Corsicana, to a point + miles east of Chatfield, and averages about 5 
miles in width. 

From Chambers Creek, just northeast of Corsicana, to Chatfield a 
band of calcareous limestone only a few feet thick, with Ostrea 
owenana, occurs in the Navarro formation. Near Chatfield, in Navarro 
County, the limestone concretions of the Corsicana beds contain beau- 
tiful fossils preserving their nacreous colors. 

Sandy clays similar to the Corsicana beds are traceable south through 
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1, la, Venilla lineata Shumard; 2, Pregnellus densatus Coniad; 3, Turritella trilineata Conrad; 4, Sphenodiscus lenticu- 
laris? Meek; 5, Pachycardium spillmani Conrad; 5a, 6, Ostrea larva Lamarck. 
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Navarro, Limestone, and Falls counties to Brazos River, their eastern 
margin passing just west of Tehuacana. 

In this area, as already stated, it is impossible to differentiate the 
partings between the Navarro beds and Taylor marls, inasmuch as 
they grade into each other and their parting is mantled by thick soils. 
The well sections at Corsicana (see Pl. LXIX, p) penetrated 1,200 feet 
of blue clays representing these two divisions, which show little or no 
differentiation. A similar thickness is indicated by the Terrell well. 
In this general region it is also very difficult to distinguish the upper- 
most Cretaceous from the overlying surficial deposits and the basal 
clays of the Eocene, which form a narrow strip along the western 
edge of the Atlantic Timber Belt. 

Kemp clay beds.—Ahbove the Corsicana bed east of Chatfield and 
Corsicana there is a yellow clay bed containing nodules with supposedly 
Cretaceous fossils. The town of Kemp, Kaufman County, is 1 mile 
west of the eastern edge of the outcrop of the clay. This clay 
extends from Trinity River north of Chatfield to west of Stranger, in 
Falls County. So little is known of this formation that it can not be 
defined with accuracy, nor can its Cretaceous age be asserted with 
positiveness. 

From southern Navarro County to the Brazos the eastern margin 
of the outcrops of the Navarro formation is limited by a series of low 
hills known as the Tehuacana Hills, surmounted by a Tertiary lime- 
stone which is adjoined above and below by sands. Throughout this 
portion of its extent the surface of the Cretaceous area is largely 
covered with a fine pebble composed of chert, flint, jasper, and silici- 
fied wood. This may be either an aggradational deposit of later age 
or a residuum of the Cretaceous sands themselves. Pebbles similar to 
these occur in the upper layers of the Corsicana formation, and future 
research may show that much of the supposed drift of this region has 
a residual origin. 

. Blue Ridge, a prominent elevation extending N. 25° E. between Big 
Creek and Little Brazos River, Horn Hill, Big Hill, and Tehuacana 
Hill are all a continuation of a ridge of Tertiary rocks which bave 
been upheld by the limestones. This limestone continues as far south 
as Salt Creek, a tributary of Little Brazos River, about one-half mile 
above its mouth. The rock is a yellow fossiliferous limestone, esti- 
mated not to be more than 15 feet thick. On the Brazos at Blue 
Shoals there are dark to ight blue marls containing Hvogyra costata 
and small pieces of oyster. At Black Bluffs, Robertson County, near 
the line of Falls County, the Cretaceous and Tertiary are seen in 
contact—the only locality along the eastern border where it is clearly 
shown. 

Dark-blue compact marls, very similar to those at Blue Shoals, 
but containing a slightly larger percentage of sand, occur at the 
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Josiah Hogan survey on Brazos River, A white efflorescence appears 
on the surface of fresh exposures of these clays. At the south line of 
the same survey this marl becomes more sandy and more clearly 
stratified; definite Cretaceous fossils disappear and are replaced by a 
fauna resembling the Lower Eocene. This rock with its abundant 
molluscan fauna, occurs at intervals between the Milam and Falls 
county line, and in the so-called high bluffs of the Brazos River. 

Continuing south from the Brazos River through Milam, Williamson, 
and Travis counties, the Cretaceous-Tertiary parting is very indef- 
inite, and uppermost Cretaceous deposits are recognizable only at rare 
intervals. In the creek beds can be found occasional recognizable 
outcrops of sandy clay marls containing Cretaceous fossils, notably on 
Elm Creek near the mouth of Alligator Creek, on Turkey Creek west 
of the Williamson and Milam county line, and in the banks of San 
Gabriel River, one-half mile east of the Williamson County line, all in 
Milam County. 

In Williamson-County fragments of Upper Cretaceous fossils can 
be found in Mustang Creek above its mouth, while the Taylor'mar! is 
exposed in the bluff at the mouth of Battleground Creek. 

Webberville beds.—Along the Colorado section below the mouth of 
Onion Creek the Taylor marls grade upward into beds which repre- 
sent the Navarro formation. These are glauconitic marls, in the 
upper portion of which, on Gillespie Creek, are beds of impure 
secondary limestone, finally passing into bituminous black arenaceous 
clays at Webberville.’ These beds, so slightly exposed in eastern 
Travis County, represent all that is known of the equivalents of the 
Navarro formation in the Colorado section of Texas. 

Although probably not the highest beds of the Navarro formation, 
the Webberville beds are the highest Cretaceous strata exposed along 
the Colorado River section, for below Webberville the next recogniz- 
able beds are those of the lignitic or basal division of the Eocene. 
From Colorado River, southwest, through San Antonio and on to the 
Nueces, we are permitted only an occasional view of the beds of this 
uppermost formation along the water courses where erosion has cut 
through the overlying veil of Pleistocene deposits. Near San Antonio, 
as shown by the artesian well borings, they are represented in a great 
thickness of joint clays. 


1Jn the First Annual Report of the Geological Survey of Texas, page 20, the characteristic outcrops of 
Webberville beds are erroneously referred to the Wills Point beds of the basal Tertiary, and described 
as follows: ‘‘On the Colorado River it is seen cropping out at a point 16 miles by river below Austin, 
and 1 mile below the mouth of Onion Creek, in a bluff some 40 feet high and a mile long. Also at 
Webberyille, on the line between Travis and Bastrop counties, where it is seen in a low bluff just 
above the water’s edge. This isa much darker and more massive clay than that seen in most other 
outerops. In the bluff 16 miles below Austin are found a few fragments of fossils, but they are all so 
broken as to make their determination very doubtful.” 
The investigations of the writer have shown them to contain the typical fossils and characteristic 
strata of the upper division of the Upper Cretaceous. These species are as follows: 
Leda protesta. Drillia? distans. 
Corbula crassiplica. Sphenodiscus lenticularis. 
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The uppermost Cretaceous formations of the eastern margin of the 
Black Prairie are succeeded by the old Eocene beds of the basement 
Tertiary. These in places are a narrow strip of clays or sandy clays 
which superficially much resemble and sometimes are indistinguish- 
able from the Cretaceous formations, and which are in turn succeeded 
a few miles to the east by more arenaceous Eocene beds covered hy 
forests of the Atlantic Timber Belt. 


SURFICIAL AND ALLUVIAL DEPOSITS OF BLACK AND GRAND 
PRAIRIE REGIONS. 


The Cretaceous formations of the Black and Grand prairies are 
veneered in places by detrital alluvial deposits, especially along the 
incised stream valleys, where such formations are known as bottom 
and second-bottom lands, and even upon the uplands of the eastern 
marginal region. These surficial formations have agricultural and 
hydrographic conditions quite different from those of the Cretaceous 
formations, and hence it is necessary that they be described. (See Pl. 
LXVI.) 


Origin and Distribution of Alluvial Deposits. 
UPLAND ALLUVIUM, SECOND BOTTOMS, FLOOD PLAINS, AND WASH. 


The entire substructure of the Black and Grand prairies, in common 
with the whole Regional Coastward Slope, has been gradually rising 
above sea level, probably since Eocene time, although there have been 
alternating minor periods of depression. Accompanying this regional 
elevation has been corresponding degradation of the superfices through 
processes of erosion, and it has been etched over and over by streams. 
These have not only cut the présent visible stream valleys, but in 
times past have occupied what are now the upland surfaces between 
valleys, where they deposited alluvium, which now makes no distinct 
topographic feature, but is only recognizable here and there as solitary 
patches or pieces of gravel. These oldest and highest deposits are 
especially conspicuous toward the eastern margin of the mapped area, 
occupying isolated summits, like that upon Bald Knob, near Manor, 
Texas. Formations of ancient origin no longer adjacent to stream 
courses, usually occupying divides, may be spoken of as upland gravel 
oralluvium. (See Pl. li.) Descending the slopes of the stream valleys 
successive terraces appear, which become topographically more dis- 
tinct as one approaches the streams. Some of these old alluvial beds 
formed terraces far above the present level of the streams and are still 
recognizable as distinct benches. These distinct alluvial levels within 
the slope of the drainage valley and above the present plane of alluvial 
deposition may be termed second bottoms or old terraces, a fine illus- 
tration of which may be seen in Pl. VIII. Then there are often one or 
more alluvial terraces which, although seldom flooded, are within the 
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limits ot overflow. These are simply termed bottom lands. Finally 
there is the normal flood plain, which includes the stream bed proper. 
The relative positions of the upland alluvium, second bottoms, and 
flood plains are shown in figs. 34 and 35. 

The flood plains, owing to the great difference in volume of the 
streams at their periods of maximum and minimum flow, are usually 
narrow in the Grand Prairie, but wide in proportion to the streams, 
and normally, in time of low water, have the appearance of ancient 
alluvial plains. Upon reaching the Black Prairie the flood plains 
increase in width and become very wide, often 2 miles across. 

Another character of surficial deposits is the ‘‘wash” of soil and 
débris which is spread by the sheet floods from local showers over 
upland slopes, a process which is more fully described in the text of 
the Nueces folio (No. 42) of the Geologic Atlas of the United States. 
In the Black Prairie region this wash is very extensive, making a 
thick mantle of soil which intermittently creeps with each rainfall 
toward a lower and lower level. 

These upland alluvium and alluvial terrace or second bottom forma- 
tions of the Black and Grand prairies are parts of a series of ~phe- 
nomena which have wide and related development throughout the 


(Ze al 


Fic. 34.—Alluyial deposits of the Black Prairie region. a, Upland grayel; b, valley terraces; d, under- 
lying rock. 


Regional Coastward Slope from the Cordilleras to the sea. Their 
final interpretation and the determination of their relation to the 
marine deposits of the Coastal Plain will require the collection and 
study of a vast number of data. 


UPLAND ALLUVIUM OF UVALDE TYPE. 


The upland alluvium (see Pl. L. and cap rock, Pl. XLII), which 
may in general be referred to the Uvalde formation, like that of the 
second-bottom formation, is the débris of the upstream regions, but 
almost entirely of the districts west of the Balcones fault line, and 
was largely made at a time when the streams of the Edwards Plateau 
reached base-level near the present borders of the Black Prairie and 
Grand Prairie subprovinces, probably in Miocene and Pliocene time. 
They record in a manner the great erosion which the Central and 
East-Central provinces suffered in those epochs. 

West of the Balcones fault line these deposits may be found to occur 
as high terraces up the streams of the Edwards Plateau and the rivers 
of the Grand Prairie and the Central Province, where traces of them 
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are preserved in such streams as Onion and Barton creeks and Llano 
and Noland rivers, in certain flint bowlders on the higher slopes, far 
above the well-defined second bottoms. As these stream valleys 
emerge across the fault line the gravel deposits become more distinct 
and spread out away from the present streamways, finally coalescing 
within the Black Prairie Province across the present divides. This 
union takes place a few miles east of the Balcones scarp, usually over 
the area occupied by the Taylor marls, as seen in Williamson and 
‘ Travis counties and the counties to the south. 


UVALDE FORMATION. 


The old upland deposits are hardly longer recognizable within the 
Grand Prairie region. Upon the isolated buttes of the Lampasas Cut 
Plain, like Comanche Peak, an occasional rounded piece of quartz or 
other gravel foreign to the region, attesting the former occupation of 
the area by alluvial deposits, can occasionally be picked up. Certain 
black sandy and gravelly lands on the outer margins of the Brazos in 
the vicinity of Whitney, Hill County, and around Elm Mott, McLen- 
nan County, are specimens of the older alluvium. Similar patches 
may be found occasionally on the high slopes or uplands in Grayson 
and other counties. 

South of the Brazos the old alluvial formations are conspicuous 
features of the Black Prairie east of the Balcones fault zone, consist- 
ing of deposits of flint and limestone gravel embedded in a matrix of 
white calcareous marl which weathers into a typical black waxy soil. 
These deposits have been denominated the Uvalde formation.’ This 
material is largely derived from the destruction of the Edwards for- 
mation. The Uvalde type of formation is especiaily well shown in the 
eastern part of Travis County, where it covers nearly all the higher 
divides between the streams, underlain by the Taylor marls, and it 
extends west in places to the Balcones fault line. It caps Bald Knob 
(altitude 675 feet) just west of Manor and is 25 feet thick at the latter 
place. Bald Knob is fully 275 feet above Colorado River. This 
material continues north nearly to the Brazos, its interior border 
passing diagonally across the strike of the Black Prairie from its 
western border at Austin to its eastern edge near Corsicana. 

Near Holland, Bell County, 4 miles south of Little River and 200 
feet above that stream, there are immense upland gravel beds lying 
beneath a black soil indistinguishable from the residual soils of the Black 
Prairie. This black soil is the residuum of a white, calcareous matrix in 
which the gravel is embedded. Gravel can be detected in nearly all the 
rich black soils from Noland River to Taylor and Hutto, and, while it 
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determined whether it caps the divides. This gravel is all of the 
Uvalde type. 

Between Temple and Milano Junction, along the stream divide across 
the Black Prairie followed by the Gulf, Colorado and Santa Fe Rail- 
way, upland flint gravel begins to appear in great abundance, espe- 
cially on the long upgrade east of Heidenheimer station. About 2 
miles southeast of the latter station are high hills capped by the typ- 
ical Uvalde material. One mile east of Rogers the flat country is cov- 
ered with flint gravel, which is very abundant in the plowed soil of 
the fields. This continues 3 miles southeast of Rogers, where sets in 
a mesquite forest which is growing in a gravelly soil, the material of 
which covers the slopes and hills. Four miles from Rogers the gravel 
is a surface formation, 5 or 6 feet of its thickness showing in the 
railway cuts. This gravel extends to beyond Buckholts, where it is 
beautifully shown in scrapings and cuts. This country is composed of 
rolling hills with hog-wallow surfaces, and extends to a mile beyond 
Buckholts. At the latter point the gravel begins to have a red, sandy 
matrix. Four miles southeast of Buckholts the summits are of red 
loam, while the low, wide valleys are thickly covered with residual 
gravel, which continues 7 miles southeast to where the post-oak belt 
begins and to within 2 miles of Cameron, where there are large 
gravel beds. Cameron is near the border of the post-oak gravel soils 
and the parting of the Cretaceous and the Eocene formations, which 
are also overlapped by the gravel sheets. 

Another section from Milano to Taylor also shows the relations of 
these upland gravels to the Eocene and Cretaceous. From Cameron 
to near Thorndale the substructure is Eocene. One-third mile east of 
Thorndale the Black Prairie begins, which here consists of dense 
growth of mesquite trees with an underbrush of nopal or opuntia. 
Two miles west of Thorndale the mesquite thicket ends and the gentle 
rolling open Black Prairie commences. 

Four miles west of Thorndale, along the International and Great 
Northern Railroad, the gravel attains a depth of 18 to 20 feet. Ina 
well at the section house 44 miles west of Thorndale it seemed strati- 
fied, as observed from the surface. The material is very coarse, many 
fragments being the size of a man’s fist. Erosion has not exposed 
fresh surfaces to show the thickness at this point. Many individuals of 
Gryphwa and Exogyra are mingled with the gravel. Worn Lrogyra 
ponderosa are also common, Elsewhere no flints are visible on the 
surface, but it is probable that these prairies are largely underlain by 
the gravel formation, the material of which is concealed by the grass 
and residual soil, for as the edge of this upland prairie is approached 
ata little creek east of Taylor the typical upland gravel can be seen 
making the edge of escarpments. 

The Uvalde formation, or its equivalents, have not been studied 


HILL. ] SECOND-BOTTOM TERRACES. 349 


between the Brazos and the Sulphur, and if it occurs there it may be 
to the east, well within the general Tertiary area. In southwestern 
Arkansas and the Choctaw Nation it is represented by an extensive 
deposit of upland gravel derived from the Ouachita Mountains and 
now capping the divides of the streams flowing south from them. (See 
fig. 21.) 

There is no doubt that the Uvalde formation is of great age, prob- 
ably as old as the Miocene Tertiary, and that it represents the deposi- 
tion of an erosion epoch when the plateaus of the Central Province 
were being stripped of the Edwards limestone, of which the Callahan 
Divide is a survival. 


SECOND-BOTTOM FORMATIONS, 


The second bottoms are distinct terraces of the streamways, and 
vary in number in proportion to the age of thestreams. (See Pl. VIII.) 
The alluvial deposits of the stream valleys are rather extensive and of 
several categories, forming in the through-flowing rivers, such as the 
Red, Brazos, and Colorado, many distinct benches or terraces, a type 
locality of which at Austin has been described in the Eighteenth 
Annual Report, Part I]. In their seaward extension into the Coastal 
Plain these terrace deposits spread out and coalesce with those of 
parallel streams into estuarine and marine littoral deposits. In the 
Central and East-Central provinces the old second-bottom formations 
deposited by the streams above their present flood plains in times past 
are developed in both the through-flowing rivers of the type of the 
Red, Brazos, and Colorado and in the valleys of the major streams of 
the prairies, such as the Trinity, Leon, and San Gabriel. In the 
Colorado at Austin, for instance, six or more of these are well pre- 
served; in Noland River near Temple three or more can be traced; 
in the Trinity at Fort Worth at least three; in the valley of Red 
River east of Paris a large number. It is impossible, inasmuch as 
these terraces have never been made the subject of detailed investi- 
gation, minutely to correlate or differentiate them, and the writer can 
only present such casual observations thereon as he has made from 
time to time. i 

The terraces of the major streams of the Brazos, Colorado, and Red 
rivers are made up largely of red sands and clays derived from the 
denudation of the Central Province, the color of which is conspicuous 
in contrast with the whitish tints of the Cretaceous substructure upon 
which they are deposited. (See Pl. XLIX.) 

West of the interior margin of the Black Prairie these second- 
bottom deposits of the major streams are well developed in places, 
but are more restricted in width, owing to the harder structure of the 
canyon-like valley borders. In going east across the Black Prairie 
into a region of softer rock the streams were allowed greater latitudi- 
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nal migration and the old levels of deposition correspondingly increased 
inarea. Thus it is that the old terraces become especially abundant as 
the rivers cross from the hard rock districts into those of softer rocks 
in the Colorado at Austin, in Noland River at Belton, the Brazos at 
Waco, the Trinity at Dallas, and the Red River below Denison. 


MATERIAL \OF THE SECOND-BOTTOM ALLUVIAL FORMATIONS. 


The material composing these second-bottom alluvial formations is 
principally that of the country drained by the upper and middle courses 
of the streams to the west. Where this material consists of foreign 
matter derived from the formations of the Central and Plains proy- 
inces, as it does in the valleys of the through-flowing rivers, it is 
easily distinguishable by its red colors and arenaceous character, but 
when it is composed of the calcareous material of the Cretaceous rocks 
of the Black and Grand prairies it weathers into black soils very diffi- 
cult to distinguish from the residual soils of the Black Prairie. Thus 
it is that in the alluvium of the through-flowing rivers much of the 
débris of the Paleozoic and Red beds formations of the Central proy- 
ince is found. In the terraces of the Colorado may be recognized the 
débris of the Plains Tertiary, Cretaceous, Permian Red Beds, Carbo- 
niferous, Silurian, Cambrian, and Algonkian. In the Brazos the 
débris of the Carboniferous, Red Beds, and Cretaceous and Plains Ter- 
tiary may be identified. In Red River west of the mouth of the Kia- 
mitia the material of the Plains Tertiary, the Red Beds, and the Cre- 
taceous compose most of the débris. East of the last-mentioned 
stream, in Red River and Bowie counties of Texas, the southeastern 
portion of the Choctaw Nation, and southwestern Arkansas, there are 
immense surficial formations composed of the débris of the Paleozoic 
Ouachita Mountains. 

In the rivers of the prairie proper, the Trinity, Paluxy, Leon, and 
San Gabriel type, the alluvium is nearly all derived from the Cretace- 
ous, but is of two distinct and contrasting types. One of these, derived 
from the limestone formations, is of the nature of light-colored cal- 
careous marls with pebbles of rolled fossils and Cretaceous limestone, 
usually accompanied by vast quantities of flint; the other, found only 
in the Leon, Bosque, Paluxy, and Trinity drainage, is made up largely 
of sands derived from the Paluxy and Trinity formations. 

The alluvial material of the streams rising within the Black prairie 
between Trinity River at Dallas and Red River is nearly all redepos- 
ited black, waxy soil, derived from the Navarro, Taylor, and Austin 
formations and so resembling in composition the adjacent residual 
soils, both of which make a mantle of deep black loam, that the two 
are almost indistinguishable. The Sulphur River deposits are com- 
posed largely of the black, waxy material mixed with the Eocene sands. 
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SECOND-BOTTOM FORMATIONS AN INDEX TO DENUDATION OF CENTRAL PROVINCE. 


While terraces of the same relative age and level are not always com- 
posed of similar material, the degradation of the Central province from 
layer to layer has been so uniformly progressive in geologic time that 
sufficient data are recorded in this material, when properly referred 
to its appropriate source, to enable us to interpret the history of 
the denudation of the vast Central Province and the recession of the 
scarps of the Great Plains and the Black and Grand Prairie regions, 
Thus it is that the older alluvium of the Colorado and Brazos basins 
is largely made up of flint débris derived from the Edwards limestone, 
which once covered the Centrai Province, while the newer terraces are 
successively made up of the older and older formations of the Central 
Province as denudation proceeded downward in the latter region. 


TERRACE FORMATIONS ALONG THREE PARALLEL NORTH-SOUTH LINES. 


It is impossible in the present paper to give full and accurate details 
of the occurrence and extent of the old alluvial terrace deposits, but 
the following data will afford some idea of their nature. The notes to 
be given may be considered as representing three north-south lines 
across the State from the Colorado to the Brazos. The most western 
of these is across the western margin of the Grand Prairie and the 
eastern border of the Central Province. The middle line crosses the 
region near the junction of the Black and Grand prairies, while the 
third Jine is approximately along the eastern border of the Black 
Prairie and the Eocene area. 

Along the western line it may be said that the Colorado in eastern 
Burnet County, the Llano in Llano County, the Brazos in Parker and 
Hood counties, and the Red adjacent to Cooke and Grayson counties 
show each at least two distinct terraces of old alluvial formation. 

The Llano branch of the Colorado shows a lower bluff of light-brown 
loam fully 20 feet thick and standing 50 feet above the present flood 
plains. Still above this—75 feet above the river—there are deposits 
of coarser flint bowlder material, preserved as coarse gravel the size 
of a child’s head, from which the softer and finer material originally 
accompanying it has been removed. The second-bottom deposits of 
the Colorado are not well shown in the course of that river through 
the granite area of the Burnet uplift, but above and below this, in San 
Saba and eastern Burnet, a lower terrace of fine red loam and an upper 
one of coarse residual flint bowlders are shown. These phenomena 
have not been studied, however, to any considerable extent. 

The Brazos along the line of Hood and Parker counties shows exten- 
sive terraces of lower major second-bottom benches of red loam, above 
which, as can be seen south of Powells Ferry, there is a coarser deposit 
of bowlder flint material. The Brazos at Granbury shows two well- 
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defined old terraces composed of rich sandy red loam rising fully 100 
feet above the present stream. These second bottoms occupy exten- 
sive areas at intervals along this river entirely across the Cretaceous 
prairies. 

The second bottoms of Red River are conspicuous along the course 
of that stream through the Grand Prairie along the line of Cooke and 
Grayson counties, being composed of fine red loam and gravel 30 feet 
or more in thickness and standing fully 100 feet above the present 
streamways (see Pl. LIT, figs. C, Y)). No attempt has been made to 
differentiate the minor terraces of any of these streams, but the phe- 
nomena are most extensive and show the vast prehistoric degradation 
of the Central Province. 

The secondary streams along the western border of the Grand Prairie, 
such as the Llano, Leon, Cowhouse, Indian Creek, and the Washita, 
all show at least one well-defined second-bottom terrace, usually com- 
posed, except those of the Washita, of fine whitish, calcareous loam 
and pebble and the débris of the Trinity sands. 

Along the medial line of north-south sections following the borders 
of the Black and Grand prairies the terraces become more numerous 
and spread out over wider areas. Three marked terraces persist and 
dominate the minor ones. 

In a previous publication’ a minute analysis of the series of alluvial 
terraces in the vicinity of Austin has been given. Here there are at 
least seven recognizable terraces distinctly referable to the old allu- 
vium of the Colorado and below the upland deposits of the St. Elmo 
and Uvalde type (see fig. 35). At Austin these are at altitudes of 215, 
205, 195, 130, 105, 80, and 60 feet above the river, and are divisible into 
three general groups. Those at 215, 205, and 195 feet above the river 
level are the higher or Asylum group; those at 130 and 105 feet, the 
Capital terrace, and those at 60 and 80 feet, the depot group, each of 
which is a very marked and distinct feature. A description of the 
Asylum terraces will suffice to show the general character of all these 
phenomena. 


ASYLUM TERRACES AT AUSTIN AND SIMILAR TERRACES ELSEWHERE. 


The Asylum terraces, which are the oldest and highest of the group 
at Austin, are the most extensive and conspicuously developed. A 
typical example of this is seen at the State insane asylum grounds, sit- 
uated nearly 3 miles north of the Colorado and over 200 feet above its 
level. This consists of a wide constructional plain of red sands, clays, 
and gravels, containing much of the Burnet granite, and is covered 
by a dense forest of post oak. 

A similar terrace at the junction of the Black and Grand prairies on 
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the north side of Noland River, between 
Belton and Temple, occupies a like posi- 
tion. This is often several miles wide 
and is composed of red sand with numer- 
ous pebbles and gravel beds, some of 
the latter being extensively worked east 
of the river for ballast for the railway. 
At this locality a pit, nearly 30 feet 
deep, reveals a lower portion composed 
of fine white gravel and sand. Uncon- 
formably above this is yellow, coarse- 
bedded, laminated sand, which is depos- 
ited over an unequal erosion surface. 
At the surface there are 3 feet of red 
gravel and clay, which is unconformably 
deposited upon the yellow sand. This 
ancient terrace much resembles, in posi- 
tion and size of particles, the Asylum 
terrace at Austin, and is likewise cov- 
ered by a dense growth of black-jack 
and post oak. The material is mostly 
Cretaceous débris. 

Another terrace of like character is 
found on the north side of the Brazos 
Valley at Waco. This terrace level is 
also apparently well developed in the 
northern and eastern portions of Dallas, 
on the Trinity, where it occurs as high 
as 100 feet above the streamway. High 
terraces corresponding to this level also 
occur in Cooke and Grayson counties 
adjacent to Red River. The Colorado 
terrace contains pebbles of Paleozoic 
limestone, Cambrian quartzite, and 
Algonkian granites; the Brazos terrace 
is made up of Carboniferous and Per- 
mian débris; the Trinity terrace, of the 
débris of the Trinity sand with minute 
pebbles derived from the disintegration 
of the Trinity conglomerates; and the 
Red River terrace above the mouth of 
the Washita, of the débris of the Red 
Beds and the Llano Estacado. 

The high terraces of this general char- 
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eastern margins of the Black and Grand prairies, where they fan out 
on either side and coalesce across the divides, so that an almost con- 
tinuous belt of alluvial material with small pebbles extends along the 
parting of the Cretaceous and Tertiary, overlapping the rocks of both 
periods, from Caldwell County northward to the Trinity, through 
Travis, Williamson, Bastrop, Milam, Falls, Limestone, Navarro, and 
Henderson counties. The coastward continuation of this formation 
and its relations to the marine deposits of the coast prairies have not 
been determined, In general it represents an epoch when stream ero- 
sion to the west had cut through the calcareous strata of the Comanche 
series into the Basement Trinity sands and Paleozoic rocks of the 
Central Province, and is the product of the denudation of the sands 
over vast areas of the Central and East-Central provinces. 

Another terrace allied to the Asylum terrace, occurring 130 feet 
above the river, at the mouth of Onion Creek, in Travis County, is of 
interest because in it were found fossil remains of vertebrates of sup- 
posedly Pliocene age. This formation is a marked feature of the 
streams of the prairie class, and consists of a calcareous marl accom- 
panied by small pebbles. It is well defined in all the streams of the 
Black and Grand prairies and the Central Province north to Red River, 
ordinarily making a well-defined terrace above the present flood plain 
of the secondary streams. 


TERRACES OF LOWER ALLUVIUM. 


Below the level of the Asylum terrace there are five or six distinct 
terraces in the Colorado and Brazos valleys within the Black Prairie 
region. 

Continuing north from the Colorado, along the medial line of sec- 
tions, it may be said that the alluvial deposits of Noland River 
between Belton and Temple are exceptionally fine. On the east side 
of this stream there are three distinct alluvial plains above the present 
flood plain. The first of these is about 30 feet above the river and 
makes a well-defined second bottom, often 100 yards or more in width, 
composed of a light-colored calcareous marl. Still above this is a see- 
ond bench, 20 feet in height, composed of the same material as the first 
terrace. Both of these are of the Onion Creek type. Over half a mile 
back of the river there is an upland plain, 150 feet above the stream, 
making the highest and oldest alluvial deposit, the Asylum terrace, 
previously mentioned. 

Along the Trinity, from Fort Worth eastward, second-bottom phe- 
nomena are very conspicuous. At Fort Worth, on the north side of 
the river, there is a wide alluvial plain, fully 75 feet above the river 
and nearly a mile wide. Still above this, on the south side east of 
the town, there are old gravel beds over 100 feet above the river. 
At Dallas, the old alluvial deposits are very conspicuous, extending 
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through the southern and eastern portions of the city. Several dis- 
tinct levels rising as high as 100 feet above the Trinity are recogniz- 
able. At Denison, on Red River, there is an alluvial bench on the 
south side of the stream 5,000 feet wide and 100 feet above the stream. 
On the north side, in Indian Territory, there are higher and older 
benches, reaching fully 195 feet above the stream southeast of Mari- 
etta. Another terrace, 20 feet thick, rises to 40 feet above the river. 


ALLUVIAL DEPOSITS ALONG EASTERN BORDER OF BLACK PRAIRIE. 


The alluvial deposits along the eastern border of the Black Prairie 
region are very wide and extensive. In this general region many of 
the formations which make restricted stream terraces along the lines 
previously described spread out and coalesce into an almost continuous 
sheet of upland gravel, concealing the Cretaceous and Tertiary bound- 
ary, while newer and lower terraces continue adjacent to the streams. 
The Colorado, near the Travis-Bastrop line, shows a terrace 30 feet 
thick near the river at Webberville. This forms a flat belt 40 feet 
above low water and over a mile in width. More than a mile back of 
the river is a bluff surmounted by another terrace of larger and coarser 
material standing 120 feet above the river, that being very near the 
level of the Capitol terrace at Austin. Above this all the uplands 
are covered by a fine silt with small pebbles, which reaches 20 miles 
south to Lytton Springs and northwest to Mustang Creek, Williamson 
County. 

Some years ago the writer’s former assistants, Messrs. J. W. Stone 
and J. A. Taff, studied the surface phenomena along this line between 
Travis County and Trinity River, along the eastern border of the Black 
Prairie. The following notes were furnished by them: 


DETAILS OF OCCURRENCE, 


Pebbly drift occurs over the surface 2 miles above the junction of 
Mustang and Brushy creeks. This is of various colors and character. 
Many slightly waterworn Lxogyra ponderosa and Ostrea larva are 
scattered among the pebbles in the bed of the creek. They show that 
they have been transported but a short distance. 

From Mustang Creek north to the International and Great Northern 
Railroad the alluvial drift continues to be sparsely scattered, and yet 
of a depth in places sufficient completely to cover ground on high land. 
This is made up of well-worn foreign pebbles of red, gray, and vari- 
colored quartzites, small fragments of flint quartz, and sandy frag- 
ments of silicified wood. 

Two miles west of the Williamson and Milam county line, in Turkey 
Creek, pebbly drift of the same character as that above described con- 
tinues in considerable quantity on the upland surfaces. The topogra- 
phy is undulating. From Turkey Creek near the Williamson and 
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Milam county line north to San Gabriel River the old alluvium almost 
completely covers the surface. 

Waterworn drift pebbles occupy the upland country outside the 
river flood plain in the vicinity of San Gabriel post-office to a depth 
of 10 to 30 feet. These are of the same character as those cited above, 
viz, various colored quartzite, quartz, unknown metamorphic rocks, 
conglomerate, and flint. Rarely fragments of silicified wood, and 
Grypheaand Exogyra ponderosa are found. There is much fine sand. 
The surface is completely covered by alluvium, often to a depth of 
several feet, between the San Gabriel at the mouth of Alligator Creek 
and Little River, 2 miles below the mouth of Clays Creek. In places 
post-oak timber grows on this alluvium-covered surface. 

At the edge of the flood plain of Little River are terraces similar to 
those on Colorado River between Austin and Webberyille. Many 
springs issue from their bases into the river valley. Two distinct ter- 
races were here observed. The upper one is nearly a mile back from 
the river and about 100 feet above the flood basin, while the lower ter- 
race is about one-half mile distant and nearly 50 feet high.' 

On the south side of Brazos River terraces are distinctly shown. 
Near the south line of Falls County the upper terrace is about a mile 
from the river. At the top fine sand and pebble occur; below it 
is coarser. This terrace is of the same material as that occupying 
the upland surfaces farther south, previously described. The lower 
terrace is not always continuous, for in places the river approached 
sufficiently near the upper terrace to cut the lower one completely 
away. On the north side of the Brazos, as at Little River, the upper 
terrace grades into the lower, so that it is often not possible to tell 
where the one ends and the other begins. 

The materials composing these terraces are practically the same on 
both sides of the river. The flood plain on the north side grades into 
the lower terrace opposite Adhall. Between Little River and Adhall, 
and between Adhall and Cameron, alluvium occupies the upland sur- 
face, often to a depth of 30 feet. In the vicinity of Cameron the fine 
sand becomes abundant and is apparently a later deposit than the 
coarse upland drift of the higher ground. The tooth of a J/astodon 
americanus was found in this sand, in a railroad cut, 10 feet beneath 
the surface. 

On the west side of Big Creek Basin sand appears and continues 3 
miles to the west. This sand was believed to be Brazos River drift 
deposit. It is fine, yellow to brown sand on the surface, and the sur- 
face is so level that no deep exposures are seen. West of the sand belt 
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Collections taken from these contain quartz, quartzite, veined blue, 
red, and gray conglomerates, chert, flint, silicified wood, and a hard, 
smooth, black metamorphic rock. 

The flood plain of Big Creek opposite Stranger, which is typical of 
all the minor creeks north to Red River, is nearly a mile wide and is 
covered by a fine black silt, very sticky, derived from the Black Prairie. 

From the Brazos River flood plain opposite the south line of Falls 
County to the east branch by way of Reagan, and from Little Brazos 
River east of Reagan to Brushy Creek, the surface rock is composed 
of river sand of geologically recent origin; no rocks beneath it were 
to be seen. In the vicinity of Reagan and northward there is some 
coarse material in the alluvial sand. The pebbles are not large and 
are composed of flint, quartz, quartzite, and silicified wood. 

The surface between Pond and Briar creeks, Falls County, is nearly 
level and but little above the flood plains of the creeks. No fresh 
exposures could be found. Coarser pebbles of the drift, noted before, 
are absent here. Only small pebbles of quartz and quartzite remain, 
with fine sand. This is believed to be the upper edge of a recent flood 
basin of Brazos River. In the flood basins and banks of the larger 
creeks and small rivers near the Cretaceous and Tertiary parting, 
exposures of rocks in situ are rarely found because of the great depth 
of alluvium. In most cases the streams are sluggish and the banks 
high where they approach the sandy timbered region, and the beds of 
these streams are now rapidly shifted, as would not be the case were 
the currents swifter and the basins more shallow. 

These facts and the occurrence of such an abundance of upland 
alluvium on the high ground make it difficult to locate the Cretace- 
ous-Tertiary boundary. The varied erosion when the alluvium was 
originally deposited, together with the erosion that has since taken 
place, considering the low dip of the rocks, has no doubt cut the bor- 
der into a tortuous line and in many cases left remnants of Tertiary 
rocks in the Cretaceous area. 

West of Hornhill and Brushy creeks upland alluvium drift con- 
tinues widespread, but is less abundant than farther south. The peb- 
bles are of the same character. Near the high land between Christmas 
and Cottonwood creeks, and eastward along the divide to Kirk, the 
pebbly alluvium increases in quantity until at the latter place it 
almost covers the rocks beneath. Some of the pebbles are as large as 
hens’ eggs. 

Between Christmas Creek and Long Branch a mantle of pebbly 
alluvium and sand almost covers the Cretaceous rocks. This is com- 
posed of the same material as that previously collected in the Brazos 
River Basin. 

The alluvium of the Rio Navasota flood plain is very deep. The 
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flood basin averages 14 miles in width. Its surface is a fine black silt 
(except near the river’s bank, which is a fine sand), very rich, and 
nearly covered by a dense forest of briars, thorns, elm, ash, and swamp 
oak. Between Long Branch and Rio Navasota the alluvium com- 
pletely covers the rocks of the substructure. A large number of the 
pebbles are quartzite, white, yellow, and other colors. About one- 
fourth are black and red metamorphic rocks, sandstone, silicified 
wood, flint, etc., of unknown origin. Few of the pebbles weigh more 
than a pound. 

From the Rio Navasota southwest of Tehuacana to Corsicana the 
alluvium is thinly scattered on the upland. The pebbles are small 
and consist of quartz and quartzite. This alluvium continues over 
the surface from Corsicana to the outer margin of the Trinity River 
alluvium at Chatfield. 

The old alluvial deposition of Trinity River is enormous along this 
line. To the west this river flows through the greatest thickness of 
Trinity and Woodbine sands of the Cretaceous, and this, material 
makes the alluvium for the most part, with often a small percentage 
of red and yellow clay. This river alluvium is evidently a later 
deposit than coarser material on the uplands between the river and 
creek basins, for the latter is cut away or covered up by the former 
and its place occupied by entirely different material. 

No rocks of the substructure are exposed beneath the Trinity River 
alluvium along the Cretaceous border across Henderson County. This 
whole area is covered by oak, hickory, elm, etc., except an occasional 
glade having impervious clay subsoil. Possibly these glades are small 
prairies or islands of Cretaceous or Tertiary surrounded by alluvium. 
Some of them, especially the one at the south end of Porters Bluff 
section, have hog-wallow surfaces, and all are so level that no fresh 
exposures could be found. 

From Kaufman County north the alluvium of the valley of the 
Sabine obscures the underlying rock. The Sabine, which is crossed 
near its head by this line, shows some terraces, but feebly devel- 
oped. In the second bottoms of this stream are seen low, circular 
eminences, seldom exceeding 20 feet in diameter or 3 feet in height, 
which resemble Indian mounds. ‘These peculiar hummocks are a 
marked feature of all the bottoms of the forested region as far north, 
at least, as the Arkansas. 

The Sulphur has wide, low bottoms and second bottoms of a differ- 
ent type from those of the rivers of the prairies. These have not 
been critically studied. 

ted River along the borders of Lamar, Red River, and Bowie 
counties makes a remarkable display of bottom and second-bottom 
phenomena, often miles in width; but they belong to the Coastal Plain, 
and need not be discussed at present. 
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Résumé of Alluvial Phenomena along Tertiary-Cretaceous Parting. 


Some features of the occurrence and character of the alluvium along 
the Tertiary-Cretaceous parting justify close study. North of Trinity 
River the belt of highland alluvium bears farther east on the Tertiary 
area, where it is less abundant and of coarser material and character, 
as seen near Kemp. It continues parallel to the parting and is thick- 
est on high divides between creeks and rivers. The character of 
alluvium is substantially the same throughout each of the hydrographic 
basins of the principal rivers, but it is not the same in any two of the 
three basins of Colorado, Brazos, and Trinity rivers. Occasional 
pebbles in one basin become abundant in another. For instance, in 
the Colorado Basin the prevailing material is flint, often in large 
fragments. Similar but smaller pebbles occur in the alluvium of 
Brazos and Trinity basins. In the Colorado Basin quartzite is not 
abundant, but this is the prevailing rock in the Brazos Basin. A very 
hard subangular quartzite, often in large fragments, is common in the 
Trinity Basin, especially on the north side; this is rare in the valleys 
of the other rivers. 


Summary and Conclusions. 


The writer regrets that too little detailed study has as yet been made 
to trace out the beginning, development, and ultimate disposition of 
each level or to correlate all the terraces of the different streams with 
one another. Nor can this be done until there are better maps of the 
Texas region and more interest is taken in local geology. 

Collectively the terraces represent stages in the history of the res- 
toration of the Regional Coastward Slope, and are intimately con- 
nected with similar phenomena extending from the Cordilleran front 
to the sea. 

The cutting through of the older terraces by the streams to lower 
levels indicates successive renewals of uplift. The terrace deposits 
themselves indicate pausation periods during the general uplift which 
has brought the Regional Coastward Slope above the sea since the 
close of Cretaceous time. 

In general the width of all the terraces increases coastward, and theo- 
retically they fan out into marginal sea deposits. Terraces of the 
Asylum type, for instance, which can be clearly identified with a par- 
ticular stream in the western part of the Black Prairie region, spread 
out and encroach upon the divides to the eastward until finally, toward 
the eastern margin of the Black Prairie, they coalesce by spreading 
across the dividing area between the streams. 

This area of fanning out or coalescence was in most instances at 
marine base-level at the time of deposition. This area of shore-line 
deposition has migrated back and forth during the different epochs of 
Tertiary and Pleistocene time. The line of base-level of each terrace 
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is different in location and should indicate the situation of the coast 
line for each terrace epoch. During some of these epochs, as that of 
the Uvalde formation, the shore line was approximately coincident 
with the present junction of the Black and Grand prairies, a little east 
of the Balcones escarpment. During the epoch of the Asylum terrace 
stage it was at the eastern border of the Black Prairie south of the 
Sabine. The areas of coalescence of the lower terraces lie eastward, 
within the unstudied region of the Coastal Plain. 

The area of what was formerly the level of the oldest, or Uvalde, 
deposits was a constructional plain which has been later elevated 
and then dissected by the newer drainage developed upon it, so that 
the formation now occurs only on isolated hills and divides, like Mus- 
tang Ridge, Travis County, and the eastern prairies of Williamson 
County south of the Brazos. Furthermore, the eastern border of the 
former coastal plain, composed of the Uvalde formation, approximately 
corresponding with the present eastern margin of the Black Prairie, 
was later bordered by a still lower marine base-level, during the epoch 
of formation of the Asylum terrace, so that the broadened marginal 
seaward sediments of the latter coalesced along this line. The broad 
sea-border sheet of Asylum terrace deposition was in turn elevated, 
dissected, and degraded by later streamways. Thus these processes 
have continued across Texas from Tertiary time to the present. 

it is difficult to more than surmise the age of the different alluvial 
formations. The oldest upland gravel extends as terraces back into 
the canyons of the Edwards Plateau, which were eroded at least as far 
back in time as the pre-Lafayette erosion epoch, which is considered 
to be of early Pliocene age. If this is true, the Uvalde beds which 
occur in the bottom of these canyons are as old as late Pliocene age. 
But the still younger Asylum terraces which were deposited in the old 
valleys 140 feet lower than the highest of the Uvalde beds at Austin, 
if the evidence of a fossil Bos scaphoceras Cope is to be relied upon, 
are of late Pliocene age, and hence the Uvalde terraces may be as old 
as the Miocene. 

The lower terraces of the Colorado, of the Capitol and depot type, 
may safely be considered to represent the Columbian Pleistocene. 

Throughout the region, in nearly every county, notably at Indian 
Creek, Comanche County; near Granbury, Hood County; at Dallas, 
Gainesville, Oatman Creek near Llano, and other places, remains of 
Mastodon have been found in the surficial deposits, but there are no 
definite data for determining whether these were found at any partic- 
ular level. 

The correlation of the alluvial formations of the Black and Grand 
Prairie region with the post-Cretaceous sheets of the Coastal Plain, of 
which they may have in times past been the upstream continuation, is 
a problem for future research in Texas. Nothing is now known of 
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the relations of the newer terraces to the Pleistocene deposits of the 
Coastal Plain east of the Black Prairie. 

The coastward continuation of the Uvalde formation is probably the 
Reynosa formation of Penrose, seen on the Lower Rio Grande. Its 
eradation into marine deposits of the Coastal Plain has not as yet been 


traced out. 
IGNEOUS ROCKS. 


The Black and Grand prairies north of the Colorado are singularly 
free from igneous rocks. At only one locality is there a known 
outcrop of voleanic material. This is just east of Austin, where a 
small neck protrudes, one of the outlying phenomena of the Pilot Knob 
area (see Pl. XLII), which has its main development just south of 
the Colorado, in the Black Prairie of Travis County, and which is more 
fully described in the Eighteenth Annual Report of the United States 
Geological Survey, Part II (1898), pp. 256-257. 

A single dike is known to occur within the area of the Black Prairie 
in the vicinity of Rockwall. This is sandstone material occupying 
fissures in the Taylor marls, and is traceable for a considerable dis- 
tance through Rockwall County. 


GEOLOGIC STRUCTURE. 


The arrangement of the rock sheets, including their horizontality, 
inclination, thickness, outcrop, and relations to other strata, like the 
assemblage of material into an edifice, is known as the geologic struc- 
ture. (See Pls. LIT and LIX.) The character of the geologic struc- 
ture—the arrangement of the rock sheets relative to one another—is 
one of the chief factors controlling the occurrence and distribution of 
rock waters and their availability to mankind. 

The geologic structure of the rocks described in the preceding 
pages will now be set forth. It will greatly assist the reader if the 
order of succession of the beds or formations (given on Pl. XVI, p. 110) 
which make the explored crust of the region be kept in mind. Their 
order of superposition is illustrated in the sections and profiles. 


Three great structural groups of rocks. 


By examining the profiles (see Pl. LXVIII, figs. AA-JJ) it will 
be seen that for the purposes of this paper all the rock sheets may be 
regarded as falling into three great structural groups which rest 
unconformably upon one another. The first of these includes all the 
pre-Cretaceous rocks, which are in places strongly tilted, or even 
folded, and have an inclination largely away from the present sea- 
‘coast, or in a direction toward the Cordilleran region. The second 
group embraces all the Cretaceous and later formations, and these are 
gently tilted so that they incline (or dip) toward the present sea bor- 
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ders. The third group includes the surficial and local formations. 
The first-mentioned group may be said to be the system of the Paleo- 
zoic floor or basement; the second, the system of the coastward incline. 
The third system is of secondary importance, and need not be further 
considered. 

PALEOZOIC BASEMENT. 


The Paleozoic rock sheets may be seen outcropping from beneath 
the interior margin of the Western Cross Timbers and thence west 
across the Central Province. From the fact that the Cretaceous rocks 
can actually be seen resting upon these Paleozoic rocks of the Central 
Province and that the deep drill holes of the artesian wells far coast- 
ward, after passing through a thick covering of the more horizontal 
Cretaceous rocks, often penetrate the same Paleozoic rocks as those 
now outcropping along the western border, it is known that the Paleo- 
zoic rocks make a floor or foundation beneath the Grand and Black 
prairies, upon which the Cretaceous rocks are laid down. 

The rocks of the Paleozoic basement can be seen extending from 
beneath the western edge of the Grand Prairie along its entire course. 
Well drills at several places, notably at Denison, Fort Worth, and 
Copperas Cove, after passing through the Cretaceous rocks, have pene- 
trated the underlying Carboniferous floor at depths of 1,200 feet at 
Fort Worth, 1,900 at Waco, and 2,200 feet at Austin. At Fort Worth 
the drill went through 1,200 feet of Paleozoic rocks below the Cre- 
taceous. The Paleozoic rocks also outcrop in one or two places as 
inliers within the Cretaceous area, notably south of Lampasas. 

Furthermore, from the fact that remnants of the Cretaceous rock 
sheets, like those making the Callahan Divide, are still found resting 
upon the Paleozoic rocks far west of the present interior border of the 
main Grand Prairie area and well within the Central Province—in 
fact, extending completely across it—the conclusion is inevitable that 
most, if not all, of the Paleozoic rocks of the Central Province, with 
the exception of the Ouachita Mountains, were once buried by the 
Cretaceous rock sheets which formerly extended west to the Cordil- 
leran region. We also know that the present interior margins of the 
outcrops of the rocks of the Grand and Black prairies are retreating 
or receding east, as shown by the erosion of their western escarpments. 

It is known that the Cretaceous rocks become nearly horizontal as 
they cross the Central Province, and that on its opposite or western 
side there are other cliffs (the Breaks of the Plains) which face east or 
opposite those of the Black and Grand prairies and which are receding 
in an opposite or western direction. These facts indicate that the Cen- 
tral Province may have once been the site of a gently arched monocline 
of Cretaceous rocks, the wide—almost flat—crest of which has been 
peeled away layer by layer through erosion, reexposing in places the 
extensive area of the old Paleozoic floor. 
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Wherever contacts are seen between the overlying Cretaceous rocks 
and the underlying Paleozoic rocks they are found to be unconform- 
able, and inasmuch as the same stratum of Cretaceous rocks rests in 
different places upon the planed-off edges of different layers of the 
Paleozoic rocks, the conclusion is reached that the Paleozoic rocks 
endured a long period of erosion prior to the deposition of the Cre- 
taceous rocks, and that this erosion took place during an interval of 
time before the invasion of the Paleozoic rocks by the Cretaceous sea. 
This erosion epoch, as we know by the absence of marine Triassic and 
Jurassic sediments, must have extended through a vast interval of 
time. It is also logical to surmise that the degraded Paleozoic land 
was once much higher, and that it once possessed irregularities of sur- 
face, which were lowered and smoothed down toward the general level 
of the sea (base-leveled). An old eroded land surface of this character 
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Shale 
Fic. 36.—Uncovered Wichita paleoplain, Ardmore, Indian Territory. 


may be geologically termed a paleoplain, and we may call this particu- 
lar pre-Cretaceous surface which underlies all the East-Central, Cen- 
tral, and Great Plains provinces the Wichita paleoplain. 


RESTORATION OF CONFIGURATION OF PALEOPLAIN. 


Too little is as yet accurately known of the Wichita paleoplain to 
outline correctly its concealed configuration, but sufficient is known 
to state that it represents what was once an extensive land area in 
Jurassic time which was base-leveled and invaded by the sea in Cre- 
taceous time. That portion making the Paleozoic floor of the Black 
and Grand prairies is only a part of the entire vast paleoplain which 
occupies all of what is the present Greater Plains region lying between 
the old nuclei of the Cordilleras on the west and an indefinite boundary 
situated somewhere east of the present Black Prairie, and between it 
and the present Texas gulf coast. 

That irregularities of configuration once existed in this pre-Creta- 
ceous land is also shown by some of their degraded remnants that 
still persist, like the Ouachita Mountains, which were not completely 
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buried beneath the Cretaceous sediments, and the Burnet uplift, which 
was finally buried before the close of the Lower Cretaceous. At the 
beginning of Cretaceous time a plateau stretched west, from the east- 
ern edge of which rose a system of mountain folds, of which the 
present Ouachita Mountains were a part. This eastern mountainous 
crest comprised the Massern Ranges of the Ouachita uplifts still sur- 
viving in Indian Territory and their former southward continuation 
from central Indian Territory near Atoka through Texas, which is now 
buried beneath the Grand Prairie. From the facts at hand the buried 
portions of this old land seem to have been lowest along Red River 
and to rise from the Brazos south toward the Colorado, being highest 
in the Burnet district. The axis of highest elevation of their buried 
portion seems to extend from Bowie to the western edge of Comanche 
County and south to Burnet. 

The vast country to the west or on the interior side of this mountain 
belt was a sublevel plateau, lower than the crests of the eastern bor- 
der mountains, but generally standing far above the level of the sea. 
This plateau was composed of Red Beds formations—the accumulations 
of a great interior sea in Permian and Triassic time—the surface of 
which extended as a gently rolling plateau far west to the nucleal Cor- 
dilleran summits existing at that time. 

In addition to the main Appalachian-like folds of the eastern Oua- 
chitan uplifts, or Massern Ranges of southern Arkansas and Indian 
Territory, and their buried continuation south beneath the Grand 
Prairie of Texas, which attended the eastern border, there were cer- 
tain other mountain ranges within the main area of the great Wichita 
paleoplain which crossed it in an east-west direction. The chief of 
these were the Wichita-Arbuckle uplifts of Oklahoma and the Burnet 
uplifts of south-central Texas.’ 

The western continuation toward the Cordilleras of the old ridges 
of Paleozoic limestones and granites making the Wichita-Arbuckle 
uplifts, which stretch north of west from south-central Indian Terri- 
tory near Atoka to the one hundredth meridian, is still buried beneath 
the Tertiary plains formations which conceal the paleoplain in the 


1The apparent alignment of the granitic outcrops in Texas, Indian Territory, and Missouri in north- 
east and southwest directions, together with a supposed similar alignment of outcrops of allied rocks 
at intervals along the eastern front of the Cordilleran region of Colorado, New Mexico, and Trans- 
Pecos Texas in a northwest-southeast direction, has suggested the existence of two elongated approx- 
imately north-south converging axial lines of fundamental rocks in the widely separated Cordilleran 
and Central regions, which were apparently the geologic foundations, and upon which all subse- 
quent structure was laid down. These two major lines of ancient rocks, the one accompanying the 
Cordilleras with a supposed continuation into Mexico, the other on the east extending from the Ozark 
district of Missouri to the Burnet district of Texas, have been considered a more or less continuous 
V-shaped Archean foundation which influenced the entire history and structure of succeeding geo- 
logic epochs. This view of the arrangement of these older rocks, in the light of more recent know]- 
edge, is not tenable. 

As will be seen on closer analysis, the eastern granitic outcrops in Texas and Indian Territory do 
not occur in linear axial arrangement as described. It is doubtful whether the widely separated 
outcrops of its members are even genetically related. So far as observed, these outcrops represent 
ancient local occurrences of different geologic age. 
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Great Plains region. They divide the Texas subprovince of the Cen- 
tral Province from the northern or Oklahoma-Kansas subprovince, and 
have no immediate bearing upon the Black and Grand prairies, except 
that their presence in Cretaceous time so interfered with the northern 
migration of the Cretaceous seas that the waters were deflected around 
them, causing a variation in the lithologic details of the synchronous 
Cretaceous sediments north and south of this barrier in Kansas and 
Texas. 

Along the western half of the northern border region of the Grand 
Prairie these older rocks occur as the central axis of the folds of the 
Arbuckle group of the Ouachita system, and if their strike should be 
continued in a south-of-east direction it would cross Red River in the 
vicinity of Clarksville, Texas, and directly across the trend of the 
Massern or eastern ranges of the Ouachita uplifts. 

Southward, as exposed in Burnet and Llano counties, there was the 
great mass of granitic and older Paleozoic rocks of the Burnet uplift, 
which was a monadnock in the Wichita paleoplain. The portion of 
this now exposed by erosion indicates that it is the eastern terminus 
of a long east-west swell which extended from Burnet County west 


Ouachita Mountains, 2,000’. 


Muscogee Prairies, 1,000’. 


Black Prairie, 500’. 


Fig. 37.—Profile north and south across southern Indian Territory, showing coastward scarp of 
Wichita paleoplain. 


toward the Cordilleras, and that the southern and eastern borders of 
its harder, resistant structure largely determined the feature known 
as the Balcones fault, to be described later. That this protuberance 
persisted above the general level of the Wichita paleoplain far into 
Cretaceous time is attested by the manner in which the successive 
Cretaceous sediments embedded it until they finally overcame it at the 
close of the Fredericksburg subepoch. 

Still a third feature of the Wichita paleoplain, and one haying a 
most important bearing upon the subsequent Cretaceous geology, as 
ascertained by a study of the artesian-well drillings, was the scarp-like 
character which the mountainous east edge of the old plateau pre- 
sented toward the sea, just as the south front of the Ouachita Moun- 
tains presents a similar slope toward the Coastal Plain in southern 
Arkansas and northern Texas to-day. A profile from the prairie 
plains of eastern Oklahoma across the Ouachita Mountains to the 
Grand Prairie of southern Indian Territory would be very similar to 
that of the ancient topography of the Wichita paleoplain, showing 
the elevated interior plateau, the mountain folds along its edge, and 
a steep descent to the Coastal Plain. (See fig. 37.) 
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Let us now briefly examine the geologic structure of the Paleozoic 
floor forming the great Wichita paleoplain. The granites and older 
Paleozoic rock strata of Cambrian and Silurian age, exposed only in 
the Burnet district and the Wichita-Arbuckle folds, are probably part 
of an older or pre-Carboniferous mountain structure, but this ques- 
tion has not been positively determined. The absence of the Upper 
Silurian, Devonian, and Lower Carboniferous rocks is circumstantial 
evidence of the existence of land in these epochs. No knowledge 
exists of the condition of occurrence of the pre-Carboniferous rocks 
in the area now concealed by the Cretaceous formations between the 
Colorado and Red River, or in the Ouachitan uplifts east of the Mis- 
souri, Kansas and Texas Railway and south of Arkansas. 

The rock sheets of the Carboniferous system occurring in the moun- 
tains along the coastward margin of the Central Province and beneath 
the interior margin of the Black and Grand prairies, as has been 
described, are a plexus of closely folded strata, which are most 
intensely folded to the coastward, revealing the lowest strata in the 
latter direction. The folds become more open and less complex 
toward the interior, and finally the uppermost strata, which are least 
folded, dip away to the west and northwest beneath the Central 
Province with but little deformation. 

The Carboniferous rocks of the northern border region, embracing 
the Massern portion of the Ouachita system lying east of the Tisho- 
mingo district, are closely folded and overthrown and represent the 
interior portion of a vast anticlinorium. 

There can be no doubt that the folds of these mountains now exposed 
are the marginal remnants of the interior side of a long belt of Appa- 
lachian-like mountain folds, the former coastward border of which 
was planed off by base-leveling before and during early Cretaceous 
time and buried beneath the system of rocks of the coastward incline. 
The coastward extension of the planed-off folds of this mountain 
system, base-leveled as above stated, may be seen and traced for many 
miles south of the Ouachita front in southern Arkansas and the Choe- 
taw Nation, well within the Cretaceous area, where its strata are 
exposed by the deeper stream cuttings, and there is every reason to 
believe that it lies buried beneath the Grand Prairie. 

The uppermost Carboniferous (or Permo-Carboniferous) and Per- 
mian Red Beds series of rock sheets, comprising the chief formations 
of the Central Province or plateau portion of the old Wichita paleoplain, 
with the exception of those of the little Smithwick district of the 
Burnet Country, occur as the eastern limb of a synclinal trough lying 
between the Grand Prairie and Cordilleran provinces, which dips 
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away from the eastern belt of folded Carboniferous eC) 
rocks or old mountains. 

This westward inclination in a direction opposite 
to that of the continental slope and the overlying 
Cretaceous rocks, with a few local exceptions, pre- 
vails throughout the Central Province and beneath 
the western margin of the Grand Prairie. Beneath 
the Plateau of the Plains, in the trough of this 
great syncline, the strata become subhorizontal. 
When these rocks appear again in the Pecos Valley 
west of the Plateau of the Plains their dip is east 
from the Cordilleran front. This trough, except 
where broken by the disturbing element of the 
Ouachita Mountains, is of great length and width. 
The eastern limits of this vast syncline, where it 
flexes upward into the Ouachita folds, is buried in 
Texas beneath the Cretaceous rocks of the Grand 
and Black prairies. 


O6 


os 


OZ 


o9 


OIy 


STRUCTURE OF CRETACEOUS FORMATIONS. 


The numerous Cretaceous strata of the Black 
and Grand prairies which lie unconformably above 
the Paleozoic rocks are of great uniformity and 
persistence in subhorizontal extent, inclination, and 
thickness. Notwithstanding this apparent persis- 
tence and horizontality there are certain variations 
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in the structure which must be explained before 
the conditions of the distribution of underground 
water can be fully presented. 


GENERAL ARRANGEMENT OF THE ROCKS, oO 


If one begins at the coast and travels west across 
the Black and Grand prairies until he reaches the 
lowest Cretaceous beds at the western border of 
the Grand Prairie, he will find that while he is con- 
stantly ascending in altitude above sea level he is 
descending the geologic series, for he is crossing 
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the outcrops of su*cessively lower and lower strata; 
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that is, each of the successive belts of country which 
he crosses, accompanied by its peculiar soil, rock, 
and flora, is due to the outcrop of that particular 
rock sheet upon which the country is founded, and 
these are successively lower and lower in geologic om! 
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sequence to the west. The newer formations occupy the belts toward 
the coast; to the west the older formations successively outcrop until 
we arrive at the Central Province. Each outcropping layer encountered 
in turn from east to west represents an older rock sheet, the bottom one 
representing the Basement sands resting on Paleozoic rocks. In other 
words, all the Cretaceous strata dip beneath others toward the coast 
and outcrop to the northwest. Proceeding east across the Black and 
Grand prairies, as one ascends the series the different strata become 
embedded beneath one another and their depth constantly increases, 
owing to the fact that the dip, which is usually greater than the regional 
slope, carries them downward beneath successively higher layers. 
This simple monoclinal geologic structure is the key to the succession 
of the yarious kinds of rocks in the East-Central Province and Coastal 
Plain—a country embracing the whole eastern half of Texas and 
southern Indian Territory, an area which is more than 170,000 square 
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Fic. 39.—Section showing original succession of deposition from the coast interiorward. a, The floor 
upon which the Cretaceous formations were laid down; b, exaggerated profile of the surface; 
c, persistent stratum, the extent of which has not been broken by erosion; d, persistent embedded 
strata beneath ce, showing overlap to the interior; e, outcropping strata, appearing as if they suc- 
ceeded one another coastward, but which once overlapped one another interiorward, as in the 
case of e, d; e’, former extent of e. 


miles in extent and which includes all the humid and semihumid 
regions of the State. There are certain variations in the detail of 
this general plan, which will be stated later. 

In all the cross sections (Pl. LXVII) the outcrops of the strata 
down to a certain horizon succeed one another in reversed imbricated 
arrangement from the interior coastward (from west to east in Texas 
and from north to south in the Red River sections) by outcropping 
from beneath a higher stratum which overlaps them coastward. In 
other words, the outcrop of each rock stratum becomes embedded to 
the east beneath a higher stratum in imbricated arrangement and the 
strata are continued indefinitely beneath the surface in the same orderly 
succession, as revealed by their outcrop. 

This regular imbrication or underlapping of the outcrops of the 
strata with eroded interior edges in uniform sequence may suggest 
that the strata were originally successively deposited upon one another 
coastward, as shown in fig. 88. This was not the case, however. The 
present interior borders of the rock sheets as seen in the outcrops of 
the strata do not represent, except in cases of some of the lowest 
beds, the original interior margins of the rock layers where they 
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abutted against the land, but in most cases are the eroded edges of 
strata which once continued far interiorward, their former extent in 
that direction having been worn away. The order of deposition was, 
in fact, from the coast interiorward—just the reverse of their present 
apparent order of succession. In certain places, as revealed by well 
drillings and as shown in fig. 39, this normal condition of succession 
of overlapping strata to the interiorward is still preserved. 

As indicated by their contact with the underlying Paleozoic floor, 
the shore line of the oldest layers of the Cretaceous rocks was near 
the present coast. As the sea progressively invaded the land, the 
successive beds, representing higher and higher horizons in the series, 
extended westward, their western margins resting upon the Paleozoic 
floor. Thus the oldest Cretaceous rocks are found only to the east of 
the interior margin of the Central Province; the beds of the next hori- 
zons overlap these and extend farther west, until finally, in eastern 
New Mexico and southern Kansas, still later horizons represent the 
shore line contact between sediments of the advancing Cretaceous sea 
and the basement rocks upon which they were deposited. 


THREE STRUCTURAL CHARACTERISTICS, 


There are three structural characteristics of the Cretaceous which 
must be considered. . The first of these consists of variations in the 
thickness and composition of the strata, due to the original conditions 
of sedimentation; the second is their tilt or dip, due to the general 
uplifts of the whole Regional Coastward Slope; the third is displace- 
ment and other minor deformation, due to adjustment, through weight 
and faulting, of the Cretaceous envelope to the basement of harder 
Paleozoic rocks. 


VARIATION IN THICKNESS AND COMPOSITION OF STRATA. 


Although the various beds of the Cretaceous formations of’ the 
Texas section are very uniform throughout vast distances, yet, in 
accordance with well-known laws, the strata ultimately change in 
thickness and composition. These changes may be observed along the 
lines both of strike and of dip. Instances of great persistence in 
thickness and composition of the strata are exhibited in the Austin 
chalk, which along the line of strike from Sherman, near Red River, 
to the Rio Grande west of Eagle Pass, 500 miles, maintains a uniform 
thickness and composition, averaging about 500 feet of chalky lime- 
stone, and no important differences have been observed in any part 
of its course. 

The composition of beds, although not observably changeable along 
short lines of outcrop, ultimately changes in character. The most 
notable instance is that of the Denison beds of the Washita division, 
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as has been presented in the comparisons of the Austin and Denison 
sections. In the former the whole of the formation is represented by 
about 70 feet of clay and 40 feet of limestone, all of which are oceanic 
sediments, comparatively free from land débris, yet not of a deep-sea 
character, probably representing the lightest and last-deposited débris 
of the land where it mixed with the purely oceanic sediments. On 
ted River the beds of this formation have increased in thickness and 
are entirely different in composition, so that except by paleontologic 
evidence itis impossible to correlate the different horizons. At Denison 
the formation isa great thickness of impure, sandy, lignitic, near-shore 
clays developed between two littoral limestones, and exhibits various 
other differences which need not here be discussed. 

The variations in thickness and composition along the dip of the 
several beds are much greater than those along the strike. In general 
it may be said concerning all the formation that the belts of land- 
derived sediments, sands, and clays, such as the Trinity, Paluxy, and 
Eagle Ford, are more or less lens-shaped in cross section, first thicken- 
ing and then thinning seaward. 

The formations composed of land débris thicken shoreward and thin 
seaward; those composed of sea-derived material, such as chalks and 
chalky limestones, thicken seaward as far as they are traceable, although 
they would doubtless be found to thin out again in that direction if 
their continuation could be traced. It may also be said that the mate- 
rials composing all the beds are coarser shoreward and finer seaward. 
The original land margins of all the strata are apt to be arenaceous 
and to pass outward into clays, then into marls, and finally into chalky 
limestones. Some of the brecciated limestones and shell conglomer- 
ates of mixed species are near-shore formations. Certain great thick- 
nesses of strata composed exclusively of one kind of shell, such as the 
Gryphea breccias and Requienia limestones, may represent colonies 
of organisms that thrived in deeper water than the Mollusca, which 
lived near the shore. Limestones of this purely organic origin should 
not be confused with true sediments derived from the land, or with 
rocks of near-shore origin. 

The above propositions are illustrated in many of the beds of the 
Cretaceous section under discussion. The Woodbine (Dakota) forma- 
tion, which is of a shallow, near-shore nature, decreases in thickness 
from over 500 feet at Red River to zero at the Brazos, completely 
dying out seaward. The original land from which these sands were 
derived was the Ouachita Mountains of southern Indian Territory and 
perhaps a now degraded land in the northeastern portion of the 
Central Texas Province. The same may be said of the Eagle Ford 
clays, which are fully 600 feet thick on Red River, less than 100 at the 
Brazos, and only 25 at the Colorado. 

An instance of a formation which both thickens and changes in com- 
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position seaward is found in the beds of the Edwards formation of 
the Fredericksburg division. In southern Indian Territory adjacent 
to the old shore line these are represented by the upper part of the 
Antlers sands, a few feet of clay, and 20 feet of the characteristic 
chalky limestone. At the Brazos the Basement sands have changed 
into clays, and the group is represented by about 200 feet of calcareous 
clays and 100 feet of chalky limestones. On the Colorado the Base- 
ment clays change into chalky limestone, and the total group is rep- 
resented by nearly 400 feet of chalky limestone. At the Pecos all the 
members of this group are represented by nearly 700 feet of oceanic 
limestone, which thickens to 1,200 feet on the Rio Grande. 

In accounting for the variations of the various Cretaceous forma- 
tions, it is important to consider the former location of the shore line 
during the time of their deposition. The Ouachita Mountains, to the 
north, at least as far west as the ninety-ninth meridian, were a more 
or less persistent shore line during the Lower and Upper Cretaceous 
epochs. The sea may have occasionally receded slightly back and forth 
from this, but it was a permanent shore in comparison to that of the 
main Texas area, where the shore line was less stable and there were 
grander sweeps of the ocean unimpeded by mountain barriers. 

The steep eastern slope of the Wichita paleoplain, previously 
described, formed a comparatively permanent shore during the Trin- 
ity epoch of Lower Cretaceous time. This barrier was completely 
overcome in Texas during the Fredericksburg subepoch, and the 
ocean was then free in Fredericksburg, Washita, Dakota, and Upper 
Cretaceous time to transgress upon the great unbroken plain which 
stretched far west toward the Rocky Mountain nuclei. The general 
progress of this shore line as recorded in the transgressing basement 
littoral, notwithstanding minor pausations and oscillations, from the 
beginning of the Fredericksburg to the end of the Washita was west 
from the ninety-seventh meridian to the one hundred and fourth 
meridian, or more than 900 miles. 

After overcoming the temporary barrier of the eastern scarp of the 
Wichita paleoplain during the Trinity subepoch the littoral margin 
of the Cretaceous seas migrated constantly westward. At the close of 
the Lower Cretaceous there were uplifts, and the shore line returned 
from the Rocky Mountain region coastward of the present. eastern 
margin of the Black Prairie. During the Upper Cretaceous the sea 
again migrated westward over the Greater Plains region. 

EXTENT AND LIMITATION OF THE EMBED, 

While the outcrops of the various strata are the most available 

guides to the variations in structure, it is equally important to know 


the variations in conditions of the embed, or those portions of the 
various rock sheets which are buried beneath the surface. Fortu- 
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nately the artesian-well records throw much light upon this aspect 
of the subject. Most of the formations are embedded to the coast- 
ward of their outcrop. Certain formations, like the Basement sands, 
undoubtedly underlie the whole of the Black and Grand prairies 
region; others, like the Woodbine sands, of which neither the outcrop 
nor the embed is traceable south of the Brazos, underlie only portions 
of the area. 

The Basement sands of the Comanche series undoubtedly underlie 
the whole area of the Black and Grand prairies. The Glen Rose for- 
mation also underlies most of the Black and Grand prairies, but is 
apparently unrepresented in the extension of the Cretaceous forma- 
tions over the Central Province, beyond the west margin of the 
Grand Prairie, as shown by sections made along the Callahan Divide. 
(See Pl. LIV.) This fact leads to the presumption that the Wichita 
paleoplain persisted as land throughout the Central and Great Plains 
provinces during the time of the Trinity division, and was not com- 
pletely drowned by the Cretaceous sea until the close of that sabepoch, 
when it was covered by the Edwards limestone. This fact is further 
attested by the thinning out of the Glen Rose beds toward the Central 
Province in all east-west sections east of it, as elsewhere stated. 

South and east the outcrops of the Paluxy sands thin out—or, rather, 
pass into lime-clay sediments—and are hardly represented south of the 
latitude of the valley of the Leon at Gatesville. Neither is their 
embed detected in the artesian-well sections south of Belton. Hence 
we may infer that their embed underlies only the northern two-thirds 
of the area of the Black and Grand prairies. 

The occurrence of the Paluxy sands as an eastward-projecting sheet 
from the Basement beds for a distance of at least 75 miles east of their 
most western outcrop, interlain with limestones between which there 
is nowhere evidence of unconformity, is a phenomenon difficult to 
explain. The hypotheses suggested are (1) that there was a pausation 
in the general subsidence of Lower Cretaceous time or (2) that there 
was 2 recedence within the sea itself of the line delimiting arenaceous 
deposition, such as might have taken place through changes of current 
and eddies and conditions of slope. 

The shore line of the Paluxy sands in general was far north and 
west of that of the Travis Peak sands. It can not be exactly located 
now, for the present outcrops in Texas are eroded edges of the forma- 
tion which have receded far coastward of any perceptible contact with 
the preexisting lands and everywhere within our province rest con- 
formably upon the preceding Cretaceous beds. 

The Edwards limestone, which is the most extensive of all the for- 
mations, stretching west toward the Trans-Pecos Mountains region 
across the Central Province, outcrops throughout the Lampasas Cut 
Plain as the surface rock and is embedded beneath the entire Black 
Prairie and all that portion of the Grand Prairie north of the Brazos. 
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The outcrops of the Preston beds of the Red River section, includ- 
ing the Kiamitia clays, Duck Creek limestones, and nearly 100 feet of 
marly clays above the latter in the Denison section, aggregating nearly 
150 feet of thickness, gradually thin out to the south and finally dis- 
appear at the San Gabriel, where the whole group is represented by a 
bed less than 2 feet thick. This change is so gradual and imperceptible 
that it amounts to only six-tenths of a foot to the mile, a measurement 
imperceptible to the eye and detectible only by comparison of the 
yarious cross sections measured along a base of 250 miles. 

The Fort Worth-—Georgetown formations and the Denison beds are 
embedded only beneath the Eastern Cross Timbers and the Black 
Prairie. Their variations have been fully described elsewhere in this 
paper (pp. 241-244). 

The Woodbine formation, which thins rapidly south from Red River 
to the Brazos, is not recognizable in any of the well sections south and 
southeast of Waco. Strata of this formation are encountered in the 
deep wells at Corsicana and at Greenville, on the eastern margins of 
the Black Prairie, and hence we may conclude that they are embedded 
beneath that portion of the Black Prairie north of the latitude of Waco 
and east of the Eastern Cross Timbers. The cause of their disappear- 
ance southward can not be stated with positiveness. 


COMPOSITION AND THICKNESS OF TRINITY DIVISION, 


The individual beds of the Trinity division change in composition 
relative to their original depositional distance from the Paleozoic floor, 
and pass eastward into fine sand, clays, calcareous clay, and finally into 
limestones. Vice versa, the limestone beds of the coastward extension 
ultimately grade westward into clays and sands along the depositional 
planes. Hence the limestones penetrated by the drills in the Black 
Prairie region, where the Trinity sequence is the thickest, are seldom 
represented in outcrops of the western border region, or, if at all, by 
only a few feet of calcareous clay and thin, impure limestones, gradu- 
ally passing into a bed of Basement sands, which is everywhere adjacent 
to the Paleozoic floor, from which certain sandy beds forming well- 
defined horizons also branch off and pass east between the limestone 
beds. 

Thus the cross sections vary in composition and thickness in propor- 
tion to the horizontal distance of any given point from the western or 
interior Paleozoic border, and present greater proportions of limestone 
coastward as the distance increases from this shore line, as shown in 
sections and figures. In other words, the embedded portion of the 
Trinity division constantly gains in thickness and calcareous composi- 
tion away from the outcrop, and its successive beds overlap one another 
westward and gradually pass into a bed of Basement sand in that 
direction. 

The total eastward increment of the Trinity division from Twin 
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Mountains to Glen Rose, 36 miles, is 300 feet, or at the rate of 8.3 feet 
per mile, the beds being 308 feet at the former and 606 feet at the 


WACO 
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Fig. 40.—Comparison of Twin Mountain, Comanche Peak, and Waco sections, showing increment of 
Glen Rose beds. (For explanation of symbols, see Pl. XVI, p. 110.) 


latter. Between Glen Rose and Waco, 58 miles, the increment is 500 
feet, or 8.45 feet per mile; from Dublin to Waco, 80 miles east, it is 9 
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feet per mile, and from Post Mountain west of Burnet to Austin, 25 
feet per mile. 

This apparent eastward increase in the thickness of the Trinity 
division is not to be considered as a wedge-like thickening of individual 
beds, although some of the beds do thicken or thin in horizontal direc- 
tion, but rather as a constant increase by the successive accretion of 
horizontally deposited layers which overlap one another to the west, 
the interior ends of which merge into the bed of Basement sand at 
the base of the Cretaceous, next to the Paleozoic floor, as shown in fig. 
40. Paleontologic and stratigraphic studies have shown that the hori- 
zons a and b maintain their horizontality and merge westward into 
sands of the basement littoral. 

The eastward increment of the embed of the Trinity division is well 
illustrated in the cross section (E—E, Pl. LX VII) extending southeast- 
ward from Twin Mountain, Erath County, via Bluffdale and Glen Rose, 
to Waco, a distance of 94 miles. 

At Twin Mountain, Erath County, on the western border, a careful 
section of the eastern escarpment of the Grand Prairie was made by 
Taff. Another section was measured by the writer at Glen Rose, and 
the artesian-well drill at Waco gives the thickness there. These thick- 
nesses of the beds of the Trinity division at the three localities are as 
follows: 

Approximate thicknesses of the Trinity division. 


Twin Moun- 


| 

| tain, Erath | Glen Rose. | Waco. 

| | County. 

[ Toe So 

Feet Teet Feet. 

Ride Dame all ioc ae tee teen ae teehee ee a eas as | 190 100 | 0 | 

| Tee AG IKeua esl BGS ie a nis OP en | 5 261 S71 Olan| 

ertuemUippen sande! 45 o: ata. e ste. | 22 40 | 10 

Part eeIimestonesi. ces sek ei 1 55) | 310 

| (is, IB} isGroaveronr seals 2525 levee 90 150 200 
ANG fel Genre een eens true ese 308 606 1, 090 


It will be seen in the section that the thickness of the Trinity 
division has increased from 300 to 1,100 feet, or a total of S00 feet, 
between Twin Mountain and Waco, a distance of 94 miles, or at the 
rate of 7.77 feet per mile. Between Twin Mountain and Glen Rose, 
36 miles, the increase is 300 feet, or at the rate of 8.3 feet per mile; 
and between Glen Rose and Waco, 58 iniles, it is 500 feet, or at the 
rate of 8.45 feet per mile. 

This increase has been in the calcareous beds r‘ and r’, while the 
arenaceous beds t', t”. and p have varied but little or decreased. 
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Similar studies along a line from Dublin on the western margin, 
where the entire Trinity division is represented, to Waco, 80 miles, 
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Fia. 41.—Diagram showing slope of surface and dip of strata in 1 mile. 


show the increase to be also at the rate of 9 feet per mile. 
Sections from Twin Mountain, Lampasas County, west of 
Lampasas to Belton, and from Burnet to Austin, also show 
this increment of the Trinity beds to the east at the rate of 
from 8 to 9 feet per mile. 

This increase in thickness of the beds of the Trinity division 
from the western marginal border of the Grand Prairie coast- 
ward is especially well shown in a section from Burnet to 
Austin. The Trinity division is seen at Post Mountain, 1 
mile west of Burnet, in the northern bluffs of the Colorado 
Valley 9 miles east of Burnet, 19 miles east of Burnet, and 
34 miles east of Burnet, beneath Austin. The Glen Rose 
beds (x’) are represented by only 25 feet at the first-men- 
tioned locality, 235 feet at the second, 430 at the third, and 
over 600 feet at Austin. 

The beds of the Trinity division below the Glen Rose for- 
mation are represented at Post Mountain by 20 feet of basal 
sand and conglomerate (t’) and about 25 feet of shell brec- 
cia (1'). In the section 9 miles east they are represented by 
263 feet of strata, including a conglomerate and sand bed at 
the base (t') 50 feet thick, thin beds of clays and limestones 
aggregating about 35 feet (r'), and an upper sand and con- 
glomerate group (t’), the Hensel sands, about 120 feet in 
thickness. ; 

At Austin the lower sand of this group is 200 feet thick; 
r’ has increased into a group of limestones and shales 460 
feet thick; t? has thinned to 25 feet in thickness; r’ is 600 
feet, giving a total of 1,285 feet in thickness at Austin. The 
total increase in thickness of all the beds of the Trinity 
division is from 80 feet at Post Mountain to 1,185 feet at 
Austin—in a distance of 44 miles an increment of 25 feet, of 
which 90 per cent is in the limestone formations. 


STRIKE AND DIP OF CRETACEOUS FORMATIONS. 


The strike of the Cretaceous formations is generally in the 
direction of their lines of outcrop. Inthe Red River district 
this strike is due east and west from Murfreesboro, Arkansas, 
to Marietta, Indian Territory, 300 miles. From the latter 
point the strike is irregularly southward toward San Antonio, 
Texas. The strike of the present outcrops is not everywhere 
parallel to the original shore line of deposition. It is so in 


2ed River district, but in the Main Texas belt there are some 
variations, to be noted later. 


OD 
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Since their original deposition as ancient sea bottoms the sediments 
making the Cretaceous formations of the Black and Grand prairies 
have been tilted by the uplifting forces which brought up the whole 
Greater Plains region, so that they now incline seaward with great 
uniformity, except in minor instances, to be noted later. This ineli- 
nation, although there are some interesting variations in the amount 
and direction of dip, averages about 40 feet to the mile, and is every- 
where so gentle and so slight as to be hardly perceptible to the eye 
(see fig. 41). The details of the dips are shown in the numerous cross 
sections presented herewith. 

The general direction of the dip of the various Cretaceous forma- 
tions is coastward, in directions at right angles to the lines of outcrop.’ 
Thus the rocks of the Red River district in general incline south, while 
those of the main Texas belt dip in easterly directions.” 

One of the most peculiar facts concerning the structure of the Black 
and Grand prairies is the sudden and radical change in strike and dip 
which takes place at the junction of the Red River and Texas belts. 
In the Red River belt along the southern front of the Ouachita Moun- 
tains the strike of the Cretaceous formations is due east and west and 
the dip is to the south (usually a little east of south). Passing west of 
the line of the Preston and Cook Spring fault zone, which passes 
northwest and southeast through a point west of Marietta, Chickasaw 
Nation, and south of Denison, Texas, the strike and dip suddenly 
change, the former being north and south through Texas and the latter 
eastward (usually south of east). The causes of this abrupt change in 
strike and dip can not be fully explained, but it is possible that adjust- 
ment of the Cretaceous strata to the underlying configuration of the 
old Paleozoic basement is largely responsible for it. 

The dip of the Cretaceous rocks, although apparently everywhere 
uniform in the Main Texas belt, presents minor variations and is 
changed in places by small faults. The average inclination of the 
rock sheets above the Trinity division on a line drawn from Decatur 
at the western margin of the Grand Prairie to Corsicana on the east is 
about 40 feet® to the mile. In the north-south Texas belt the dip east 
and west from Weatherford to Fort Worth is about 24 feet to the 


1 This statement is not entirely true in all cases. The several outcrops of the Glen Rose beds, espe- 
cially along the western border region, are not parallel to the strike of the beds, which is an east-of- 
north direction from Austin toward Dallas, and thence presumably eastward beneath the Black 
Prairie, parallel to the Ouachita Mountains, and east-west sections are therefore slightly diagonal to 
the dip. It is most probable that the change in strike of the Glen Rose beds from the east-of-north 
and west-of-south direction to an east-west direction takes place in the embedded portion of the area 
beneath the second tier of counties south of Red River, but there are in the well records no positive 
data showing that they have been penetrated by the drills east of the Texas Central Railway or north 
of the latitude of Fort Worth, except a record at Denison which indicates the occurrence of thin 
limestone beds of Glen Rose character in the Antlers sands beneath that city. 

2The direction of the dip in the Main Texas area varies slightly in different portions of the out- 
crop, varying from nearly east along the Colorado to N, 60° W. along the Paluxy. 

3 All the estimates of dip in this paper are approximate only, and subject to future correction, when 
better hypsometric data are procurable than exist at present. 
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mile; from Arlington to Dallas the dip of the Woodbine formation is 
estimated at 42.1 feet to the mile; from Britton to Corsicana, 45 miles, 
41.3 feet to the mile. 

The dip of the Cretaceous rocks in the Red River district, which 
strike east and west, is much greater than that of the Main Texas belt 
of the Black and Grand prairies, which strike north and south. The 
dip of the Washita and succeeding formations in the Paris section, kk, 
is estimated at 57 feet to the nrile; a portion of the section north and 
south through Denison, across the fault zone, shows a dip of 135 feet 
to the mile. 

While the rocks of the Texas belt apparently have a continuous 
monoclinal dip toward the coast, there is an important change in the 
amount of the dip, the strata throughout the Lampasas Cut Plain 
being flatter and those of the Black Prairie region more steeply in-. 
clined. This change in rate of dip takes place at the east end of the 
fault zone at the junction of the Black and Grand prairies, as elsewhere 
described. i*, 

The inclination of the Cretaceous rocks approximately west of the 
ninety-sixth meridian is coincident with the continental slope, so that 
they are parallel to the surface in the Central and Plateau provinces 
and the Lampasas Cut Plain; but approximately east of that meridian 
their dip becomes slightly greater than that of the regional slope, so 
that toward the sea the strata become embedded beneath the interior 
outcrops of the successively newer and newer formations which over- 
lap them in that direction. 

This change in rate of dip, first perceptible in the Fort Worth and 
Dallas section, is so slight that it can hardly be detected. The diver- 
gence increases south, however, the western halves of the strata becom- 
ing more horizontal in that direction and the eastern portions more 
steeply inclined. The dip of the rocks of the Fredericksburg division 
from west of Weatherford to Fort Worth is approximately 24 feet to 
the mile; east of Fort Worth the angle increases to 40 feet to the 
mile. 

Throughout the Lampasas Cut Plain between the Brazos and the 
San Gabriel, where the dip of the Edwards limestone coincides with 
the summit regional slope, it averages about 17.5 feet to the mile. 
Below the Edwards limestone the Basement Trinity beds have a greater 
dip, as will be presently shown. Along the western margin of the 
Black Prairie region, along the more acutely faulted portion of the 
Balcones fault zone, the aggregate dip or downthrow of the rocks 
increases to over 100 feet to the mile, being estimated at 110 feet in 
the Austin section. 

The Basement sands in the same region as the overlying beds have 
a greater inclination, proportionate to the constant increment of the 
Glen Rose beds. Furthermore, the dip of the beds of the formations 
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below the Edwards limestone everywhere differs slightly from that of 
the overlying beds, owing to the wedge-like increase in thickness of 
the Glen Rose strata. 

The following table will show some of the estimated dips of all the 
strata, including and above the Fredericksburg division, in proceeding 
southward. The figures given are subject to correction. 


Table showing dip along various cross sections. 


Lampasas Curbiain and Grand Pap Ber | Biacheprainics Dip ned 

Feet. | Feet. 

Weatherford to Fort Worth --..| 24-27 || Arlington to Dallas ........_.-- 42.1 
Round Mountain, Comanche Co., || Keller to Dallas ..........----- 41 
to Valley Mills, Bosque Co. --- 17.1 Mansfield to Palmer.......-..- 40) 

West of Waco ....--..--.--.--- 17.6 Britton to Corsicana 2. 2...-_.- 41.4 
Goldthwaite to Townsends Mills) 16.7 | Wut to Marlin eae 49 
Wiest Ol Belionm: setter eran see iW | Hastiol Belton =e eee eee b 70 
West of Georgetown ----..-_.-- 18 || East of Georgetown ..........- | 650 
AWieS tio fwAWS Gina wees ays re 13.5 Hast ion AUStingss =e eee he ban0 


aThese dips are calculated from the altitudes and depths of the strata at the points given. They 
are taken along long lines, from 12 to 70 miles in length, and while it is not claimed that they are 
accurate to the ultimate degree of refinement, they are much more accurate than average dip calcu- 
lations based upon clinometer measurements. The dips of the Lampasas Cut Plain are those of the 
Edwards limestone; the dips of the Black Prairie are those of the Austin chalk and the water-bearing 
beds of the Woodbine formation. ; 

b These measurements are within the area of the faulted zone and must be regarded as conjec- 
tural only. 


APPARENT DIVERGENT DIPS OF CONFORMABLE STRATA IN. THE SAME CROSS SECTIONS OWING TO 
INCREMENT. 


Owing to the increment to the eastward of the thickness of the beds 
of the Trinity division between the Paleozoic floor and the Edwards 
limestone, it will be found that the rock sheets of the Trinity division 
have a different apparent dip from those of the overlying sheets of the 
Fredericksburg and sueceeding divisions. Thus, for instance, in a 
cross section 36 miles long drawn through Weatherford and Fort 
Worth (see fig. 76), the formations of the Fredericksburg division dip 
at the rate of 27.8 feet to the mile. The Basement sands of the Trin- 
ity division in the same section dip at the rate of 40 (39.5) feet to the 
mile. In other words, there is an eastern divergence between the 
dip of the bottom of the Basement sands and the Edwards limestone 
of 11.7 feet to the mile. This apparent divergence of dips, due to the 
eastern increment in thickness of the rocks of the Trinity division, 
has a most important bearing upon the estimates of depths of artesian 
_ waters. 

This divergence is due to the contour of the preexisting floor of the 
Wichita paleoplain, which, as before stated, presented a steep escarp- 
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Fic. 42.—Section from Burnet to Manor, showing increment of beds of the Trinity division, 


ment to the east, extending beneath the 
Grand Prairie in a west-of-south direction 
from the neighborhood of Atoka, Indian 
Territory, toward the town of Burnet, Texas, 
and from Burnet west to the Pecos. As the 
old pre-Cretaceous land—which at the 
beginning of Cretaceous time extended far 
shoreward of the present coastward margin 
of the Black Prairie—was gradually over- 
whelmed by the sea through subsidence, it 
was covered with a mass of sediments along 
this slope, which in the aggregate were 
thicker toward the east and thinner toward 
the west. By the close of the Fredericks- 
burg subepoch, when the slope was entirely 
overwhelmed by the sea, the vast deposit of 
Trinity division sediments which had accu- 
mulated on its eastern side was overlapped 
by the Edwards limestone, so that the latter 
rested on a wedge-shaped mass of earlier 
Cretaceous sediments in the Black and Grand 
prairies east of the old plateau edge, and 
almost directly upon the Paleozoic rocks 
west of it (see fig. 42). Hence the Edwards 
limestone now has a greater horizontal 
extent than the underlying formations, and 
it may be assumed as a standard of horizon- 
tality from which the thickness of the under- 
lying strata can be measured in any part of 
the field. 

The vertical distance between the Base- 
ment sands and the Edwards limestone con- 
stantly increases coastward with the thick- 
ening Glen Rose sediments from the eastern 
crest of the old Wichita paleoplain, and the 
dip of the Basement sands is as much greater 
than that of the Edwards limestone as the 
amount of thickening of the Glen Rose beds. 

Rate of increase in thickness of Glen Rose 
beds.—The importance of a thorough under- 
standing of the rate of increase in the aggre- 
gate thickness of the beds of the Glen Rose 
formation becomes apparent when the con- 
ditions of artesian water are considered. 


- 


WRWiwi dhomone 


Ls 


fuel pono? tends, 


vis 


U. S. GEOLOGICAL SURVEY 


4 
v $ 
S S S$ 
vin. Us aoe 
~~ y _ 
- § & RS 
iS) 5 N wy 
BS iS v > 
S) S v & 
sere Sg q 
exe 
we 


i 
\y 
\) 
vd 


<= 


Bae 
2 


g 


m 
Colorado River 


ic 

2 SN 
d2 & 
: : : 
de Sse, © 


1 MILE 


FAULTS AND 


A, Section of Balcones fault zone, south bank of Colorado River, Austin; B, main Balcones fault at east base of Mount Bonnell; € 


TWENTY-FIRST ANNUAL REPORT PART Vil PL. LII 


} 


Frio Grande P/ain 


Bou/dins Creek 


2 Sm/ths Creek 


es 


Basalt 


fal/ Line of Colorado Alver 


| MILE 


f ACEMENTS, 


Aver fauit at Preston; D, Red River fault north of Denison; EH, local disturbance in Woodbine formation 2 miles west of Bedford. 
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Although there may be a general thickening of some of the individual 
strata, the increment is largely by the overlapping upon the sands of 
successive limestone layers. 

The progressive thickening of the Glen Rose beds toward the coast 
from the Paleozoic shore line is well shown in cross sections of the 
Black and Grand prairies (see Pl. XLIX). The outcrops of the 
Glen Rose formation along the western border region are very thin 
and consist almost entirely of thin, sandy, yellow, calcareous clays, 
grading above and below into pack sands. The thickness of the beds 
increases rapidly to the east. 

Carefully measured sections along the breaks of the Colorado in 
Blanco, Burnet, and Travis counties have shown the following coast- 
ward increment in the Glen Rose beds (see fig. 43). 

West of Round Mountain post-office, Blanco County, the entire 
Trinity division between the Cambrian limestone below and the Fred- 
ericksburg above consists of less than 200 feet of pack sands and sandy 
clays, of which the upper 50 feet are clays and limestones of the Glen 
Rose type containing Verinea, resting upon Basement sands. Seven 
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Fic. 43.—Increment of Glen Rose formation along a section from Round Mountain, Blanco County, 

to Manor, Travis County, Texas. 
miles east, at Shovel Mountain, the Glen Rose limestones are 60 feet 
thick, being increased at the rate of 26.4 feet per mile; 8 miles east of 
Shovel Mountain, near the Travis-Blanco county line, the Glen Rose 
beds are 265 feet thick, the increment being 12.5 feet per mile; 9 miles 
farther east, at Round Mountain, Travis County, the Glen Rose beds 
are 455 feet thick, having gained 90 feet, or 10 feet per mile. Twelve 
and a half miles east, in the bluffs of Mount Barker, 34 miles west of 
Austin, the beds are estimated to be 575 feet deep, the increment being 
at the rate of 9.5 feet per mile. At Austin the beds are found to be 
600 feet thick in the artesian-well drills. The average increment 
between Shovel Mountain and Austin is 7.8 feet per mile. This sec- 
tion shows that the gradient of dip of the base of the Glen Rose beds 
is a curve which flattens coastward, the increment being greatest imme- 
diately east of the western border outcrop, where it is at the rate of 
26 feet per mile. 

In Twin Sisters Peaks, in western Lampasas County, the Glen Rose 
formation is about 90 feet thick, while at Bachelors Peak, 18 miles 
southeast, it is over 200 feet thick, showing an increment of 6.5 feet 
per mile. 
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At Mount Airy, Erath County, 32 miles northwest of Iredell, the 
Glen Rose beds are 50 feet thick. At Tredell, Bosque County, these 
rocks are estimated to be 400 feet thick. This makes an increase of 
10.9 feet per mile along the dip. 

At Twin Mountain, Erath County, 36 miles due west of Comanche 
Peak, the Glen Rose formation is very thin. Beneath Comanche Peak, 
Hood County, between the Peak and Glen Rose, the Glen Rose lime- 
stone and marl is 236 feet thick. This gives an increase of 7 feet per 
mile. 

The Glen Rose beds in Wise County are less than 20 feet thick. At 
Fort Worth, 36 miles south of east, they are estimated from well drills 
to be 470 feet thick, giving an increase of 13 feet per mile. 


DISPLACEMENT, 


In addition to the normal inclination of the strata described, the tilt 
of the rock sheets is varied in places by displacement or faulting and 
very gentle folding. There are two major fault zones crossing the 
Black and Grand prairies. One of these runs diagonally subparallel 
to the strike in a general direction of N. 30° E., through points near 
Austin, Belton, and Waco, and probably continues northeast by Rock- 
wall and Paris to Red River near Antlers. This may be called the 
Balcones fault zone. The second zone of faulting runs in a north-of- 
west and south-of-east direction, at right angles to the Balcones fault, 
through Chickasaw Nation and Grayson and Fannin counties, Texas, 
and may be known as the Red River fault zone. (See maps, Pls. 
1 ED.G14 Fu 6P.S B.C OD-O.@)) 


BALCONES FAULT ZONE, 


The Balcones fault zone consists of a number of subparallel step 
faults or numerous small jogs, the aggregate displacement of which 
attains a maximum of 1,000 feet. This zone is limited nearly every- 
where on the west by a larger fault, which may be called the mother 
fault, and which at Austin has a downthrow of nearly 500 feet. (See 
Pl. LI, 4.) Itis in reality a number of short faults overlapping 
en échelon. This mother fault line from the Nueces to the Brazos 
makes the dividing line between the Black and Grand prairies: North 
of Waco it passes into the unconsolidated clays of the Black Prairie, 
between Whitney and Aquilla. It is impossible to trace its continuity 
east of north from the last-mentioned locality. The details of this 
faulting have been worked out minutely only at Austin, as shown in 
Pl. LI, A. The fault zone is very conspicuous west of George- 
town, at Belton, and in the vicinity of Waco, where the downthrow 
has decreased. At Belton the faults are well shown in the valleys of 
Noland and Lampasas rivers, but the details have not been mapped. 
In the vicinity of Waco the fault zone is of considerable width and 
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SECTIONS OF THE CRETACEOUS FORMATIONS IN THE EDWARDS PLATEAU. 


A, Section of Castle Mountain near Pecos River, w2st edge of Llano Estacado; B, section of east edge of Edwards Plateau, 15 
miles west of San Angelo; (, section of Church Mountain, Runnels County. 
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may be seen in the Austin chalk. West of the city, at the very edge 
of the chalk outcrop, a fault runs due north and south and is evidently 
of considerable extent. This is the only fault in the vicinity which has 
been distinctly noted. The presence of many others is indicated by 
dislocation and joints filled with calcite veins and by numerous slight 
crumplings and breaks. 

The presence of these small faults is also proved by the borings for 
artesian waters. The data from this source, owing to the nature of 
the rocks, is not as yet complete, but sufficient has been obtained to 
show a considerable downthrow on the east caused by the faults of the 
Baleones zone running between Waco and the Bosque. There may 
also be faults farther west in the Del Rio and Eagle Ford beds. 
Traces of the Balcones fault zone are also visible in Hill County 
between Aquilla and Whitney, and in Dallas County, but the displace- 
ments are unknown. At Arthurs Bluff on Red River the strike of 
the zone of faulting is clearly indicated in faults there seen in the 
Woodbine clay. This is also seen one-quarter of a mile south of 
Rockwall, where there is a so-called dike. This dike is a vertical vein 
3 inches thick, composed of a siliceous glauconitic quartzite with clay 
inclusions. It extends 24 miles southeast to 24 miles northwest of 
Rockwall. The dike follows the edge of a valley striking northeast 
and southwest. 

The Balcones faulting does not affect the rocks of the Lampasas 
Cut Plain west of the mother fault, with the exception of slight joint- 
ing and dragging immediately along the margin. The extent of the 
zone to the east is also undetermined, for wherever the faulting passes 
into the unconsolidated beds of the Taylor and Navarro formations it is 
utterly impossible to determine the displacement. Here and there 
notes have been made which show that the zone, in places, extends 
nearly to the eastern margin of the Black Prairie. For instance, a 
small normal fault belonging to this zone and having a downthrow of 
about 5 feet southeast crosses Mustang Creek about 17 miles above 
the mouth. At this fault the strata are slightly flexed into a small 
synelinal fold. At the southeast corner of the Ann Coss survey, in 
Falls County, a normal fault extends southwest across the creek with 
downthrow to southeast but a few feet. Near the east line of Ann 
Coss survey, on Christmas Creek, the Taylor marl is much disturbed; 
the dip changes from nearly horizontal to 20° within 100 feet. In 
fact, throughout the Black Prairie, wherever a fresh exposure is 
found, joints or small faults are seen, mostly having the N. 30° E. 
trend of the disturbances of the Balcones fault zone, and in north 
Texas these extend through a wide belt. For instance, the Eagle 
Ford beds between Rhea Mills, Collin County, and Mountain Peak, 
Ellis County, and the Austin chalk at Rhea Mills are excessively 
jointed, with large springs at places issuing from the joints. These 
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joints extend as far east as Garland, Dallas County, and Frankfort, in 
southern Collin County. 

Another fault of this general zone near the eastern limit of the 
Black Prairie extends W. 30° E. across the Tehuacana Hills immedi- 
ately west of Tehuacana College, with a downthrow of about 40 feet 
to the northwest. This fault is normal, with a hade to the east. 


RED RIVER FAULT ZONE, 


The Red River fault zone (see map, Pl. LX VI, and Pl. LIT, figs. C 
and //) consists primarily of two subparallel major fault lines extend- 
ing E. 30° 8., or in a direction complemental to that of the Balcones 
fault zone. Their downthrows are in opposite directions, and between 
is a strip or block of uplifted strata, as seen between Red River north 
of Denison and Cook Spring to the south. The most northern of 
these faults, which may be termed the Preston, follows Red River 
from Marshalls Bluff, near old Preston, to the northeast corner of 
Grayson County. Its downthrow is north, and it is occupied by Red 
River from the former locality due north of Denison. Owing to its 
occurrence all the beds on the north side of Red River from the 
Woodbine formation downward are lowered until they oppose the 
Antlers sand and Goodland limestone on the south. The total down- 
throw at Preston is about 626 feet, and 617 feet north of Denison. 

Subparailel to this fault and from 5 to 7 miles south of it is the Cook 
Spring fault. This fault line passes from the northwest corner of 
Grayson County south of east near Pottsboro and through Cook Spring. 
Its downthrow consists of several steps to the south and amounts to 
about 200 feet near Pottsboro. One and one-half miles northeast of 
Pottsboro the Dexter sands abruptly terminate and the Eagle Ford 
clays are faulted down opposite the Fort Worth limestone and the 
basal Denison beds. This abrupt termination is caused by the south- 
west downthrow of the rock of the Dakota. The fault at this locality, 
according to Taff, bears approximately N. 42° W. 

Two miles east of Pottsboro the Dakota sand appears on the north- 
east side of the fault, and abuts abruptly against the fault line from 
a point due east of Pottsboro to Cook Spring, 6 miles north of 
Sherman. 

Near Cook Spring the base of the Austin chalk is brought down 
so that it opposes the upper beds of the Woodbine formation, while to 
the northwest the base of the Eagle Ford formation is brought down 
so as to oppose the Fort Worth limestone. East of the outcrop of 
the Austin chalk in Grayson County the faults of this zone are not 
directly traceable in the unconsolidated rocks of the Black Prairie, 
although their presence there is revealed by their effect upon the areal 
distribution of the formations. 

At Moss Springs, on Iron Ore Creek, 6 miles north of Sherman, the 
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fault crosses the creek. The upper strata of the Lewisville beds on 
the downthrown side of the fault abut against the upper strata of the 
Dexter sands on the upthrown side. 

The Balcones fault zone is probably due to the adjustment by weight 
of the Cretaceous rocks to the slope of the buried eastern margin of 
the Wichita paleoplain. The Red River fault zone can not at present 
be explained, but it coincides in direction with the older folds of the 
Wichita and Arbuckle mountains. 

In addition to the displacement by faulting as above described, there 
are a few low undulations of the strata. These are incipient folds of 
such wide area and gentle uplift that they are hardly perceptible to 
the eye and cannot be shown to scale in diagrams and cross sections 
(see Pl. LIT, #). The most notable of these low folds extends N. 
30° E. from the Bosque to the Brazos, and is especially well shown 
along the Paluxy between Glen Rose and where the Paluxy empties 
into the Brazos. 


Conclusions. 


In conclusion, the writer regrets that lack of space prevents the 
extension of these remarks upon the Cretaceous formations to the 
entire area of their occurrence in the Texas-Mexico region. He can 
only append a few typical figures showing comparative sections of the 
rock sheets of the Black and Grand prairies to the southwest, west, 
and northwest. (See Pls. XV, LIII,and LIV.) By comparing these 
with the sections the following facts concerning the stratigraphy set 
forth in the foregoing pages will be apparent: 

The paleontologic zones persist in horizontal extent regardless of 
change in lithologic nature of the matrix. 

The beds vary in lithologic composition along horizontal lines 
toward or away from original shore lines of deposition. 

Similar lithologic character diagonally transgresses time horizons. 

The invasion of the western continent by the Cretaceous seas, as 
shown in the details of the Central and East Central provinces, com- 
menced far coastward of the present. eastern border of the Black 
Prairie, and, as the bottom gradually subsided, the transgression of 
the Basement littoral sands westward can be traced far into the Rocky 
Mountain region. This continuous arenaceous terrane, which along 
the eastern border of the Black Prairie is of the very oldest Creta- 
ceous age, and along the western border of the Grand Prairie is 
largely of the age of the Paluxy sands, is equivalent to the Denison 
beds in northern New Mexico. Thus it is that everywhere at the 
base of the Cretaceous system there is a continuous bed of sand which, 
when considered as a formation, transgresses much of the range of 
Cretaceous time. 

Although the lithologic characters of the various beds are remark- 
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ably uniform and traceable through great distances and over vast 
areas, each formation eventually changes in thickness or composition 
according to the conditions of deposition, or grades up or down into 
the lithologic character of the adjacent beds, so that in exceptional 
instances a particular paleontologic horizon may be a sandstone on 
Red River and a limestone on the Rio Grande, or a limestone on the 
Brazos and a bituminous clay in southern Kansas and New Mexico. 

The law of the diagonal transgression of the Basement sands of the 
Trinity division applies in a degree to all the other Cretaceous beds 
in their ultimate extension, but not so markedly. Limestone beds 
likewise diagonally cross the geologic column, for it can be shown 
that the base of the thick limestone of the Edwards formation, which 
occupies the position of the Walnut clays in the Rio Grande, passes 
upward until it is above the Walnut horizon on the Brazos and at the 
very top of the Fredericksburg on Red River. 


EAU RD AVE. 
ARTESIAN WATERS OF BLACK AND GRAND PRAIRIES. 


PRINCIPLES GOVERNING UNDERGROUND WATER. 


It is well to understand the elementary laws of the occurrence, dis- 
tribution, and availability of underground waters, which are as simple 
as those controlling the surface supply, for large sums have been 
wasted in boring in unfavorable localities, and impractical notions 
have obtained current belief. Intelligent and economic work requires 
a knowledge of— 

1. The geography of the region. 

2. The local geology, including the composition, variation, and 
arrangement of the rocks underlying the region and affecting the dis- 
tribution of water. 

3. The simple laws of the occurrence and distribution of under- 
ground water. 

In the preceding parts of this report every known detail concerning 
the geography and geology of the Black and Grand prairies (the East- 
Central Province) has been given, and the remainder of this report 
will be devoted to the practical application of these in their relations 
to the occurrence of artesian waters. 

The laws governing the occurrence of earth water may be briefly 
epitomized as follows: 

The rocks of the earth form a system of natural works by which 
water is collected, stored, and distributed. They constitute the basins, 
reservoirs, conduits, and other portions of the plant for retaining and 
distributing underground water. 

The details of natural waterworks differ in different places, in the 
same way that the details of artificial systems differ in different plants, 
but the distribution in both is governed by the common principles of 
hydrostatics. The efficiency of a natural system is determined by the 
texture of the rocks and the geologic structure of the region, so that 
an understanding of the availability of underground water in any 
region necessitates a knowledge of the elementary geology of that 

region. 
_ (1) The primary source of all underground water is the rainfall. 

(2) Rocks imbibe water. Imbibition takes place by absorption and 
percolation. 


. 387 


388 BLACK AND GRAND PRAIRIES, TEXAS. 


(3) Water flows in rocks, and the rapidity of this flow is an index of 
the capacity for transmission. 

(4) Different kinds of rock have different capacities for imbibing 
and transmitting water. The capacity for imbibing and that for trans- 
mitting have not a fixed ratio, their relation to each other varying 
according to the kind of rock. 

(5) All water entering the earth tends to gravitate downward along 
lines of least resistance—the lines of easiest transmission. 

(6) The only ordinary agency by which rock sheets may be natu- 
rally drained of their water is gravity. 


Rainfall the Source of Artesian Water. 


The rainfall is the source of all underground water, and, with the 
exception of certain deep-seated artesian wells, the source is usually 
the rain which falls in the immediute vicinity, as the physician knows 
when called to treat disease caused by seepage from the adjacent soil 
into the family well. ] 

Water which falls upon the surface of the earth as rain is disposed 
of by evaporation, by surface run-off, and by percolation and absorp- 
tion into the underlying rocks. The water which is evaporated passes 
again into the atmosphere; that forming the run-off passes over the 
surface to form streams and lakes; the remainder sinks below the line 
of evaporation into the rock mass beneath, supplying wells and 
springs. The proportional disposition of the rainfall in the above 
manner varies with the climate and geologic conditions, but so far as 
underground waters are concerned it is necessary to consider only the 
water which sinks into the ground. 


Nature of Rock Saturation.! 


That portion of the earth visible to human inspection, known as the 
crust, is more or less saturated with water. In times of drought and 
in arid regions this is not always evident at the immediate surface, 
where evaporation is taking place, but a post hole, a plow furrow, a 
blast ina quarry, or a newly dug well reveals the dampness of the 
rock material. This moisture is sometimes invisible to the eye, but in 
general its quantity varies in proportion to the compactness or poros- 
ity of the rocks, the number of joints, fissures, or other crevices, and 
such features of relief as control the drainage. 

If rainfall be long continued the portion of the crust upon which the 
water falls becomes completely saturated. Upon cessation of the rain, 


1The reader who wishes to continue this subject further is referred to two papers in the Nineteenth 
Annual Report of the United States Geological Survey, Part II. One of these, by F. H. King, is 
entitled ‘‘Principles and conditions of the movements of ground water” (pp.50-294); the other, by 
C.S.Slichter, ‘‘Theoretical investigation of the motion of ground water” (pp. 295-387). Mr. Slichter 
gives a bibliography of technical papers on the subject. See also ‘‘ The requisite and qualifying eon- 
ditions of artesian wells,’’ by T. C. Chamberlin: Fifth Ann. Rept. U. S. Geol. Survey, 1885, pp. 125-173. 
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evaporation or drying begins at the surface, causing the line of satu- 
ration to sink deeper and deeper. Thus it is that in the Eastern States, 
where rainfall is excessive and evaporation slow, the line of saturation 
usually coincides with the surface, while in the extremely arid regions 
it is often several hundred feet below the surface. In the latter 
region holes 300 feet deep are often drilled through soil and rock as dry 
as powder without reaching the lines of saturation, while at places in 
the East, for example in New Orleans, water is so near the surface that 
dry graves can not be dug. 

If the earth were of uniform composition, porosity, and temper- 
ature the water it contains would be more uniformly distributed 
through it, as is the water in a well-soaked sponge. But this is not 
the case in nature, for the outer portion of the globe consists of rocks 
of much less density than those of the interior, while the downward 
percolation of water in some instances encounters the superheated 
mass of the earth’s interior and is forced back to the surface as steam, 
as in geysers and volcanoes, or enters into mineral combinations. 
Hence, the available water is confined to that portion of the earth’s 
crust between the lines of heated interior and surface evaporation. 
Even in this narrow belt the distribution of water is very irregular. 


Geologic Factors Bearing upon Distribution of Earth Water. 


The factors which prevent the uniform saturation of the earth’s 
crust and which control the distribution and occurrence of earth water 
are (1) the composition of the rocks and (2) their arrangement in 
sheets and masses, or, in other words, the geologic structure. Inas- 
much as there is great diversity of geologic structure, the possibility 
of securing water at any given point must be largely determined by 
the local formation. 

A stratum or rock sheet usually consists of two related parts—the 
outcrop and the embed. That portion exposed at the surface of the 
earth is the outcrop and that portion which is concealed under ground, 
beneath and between the other rocks, may be termed the embed. The 
outcrop of a water-bearing stratum constitutes its main catchment or 
receiving area, and the embed constitutes the storage reservoir. 


CAPACITY OF ROCKS FOR ABSORBING WATER. 


Rocks imbibe moisture in proportions varying with their physical 
structure, a fact which can be demonstrated experimentally by satu- 
rating specimens of rocks of familiar types. 

The manner in which rocks imbibe water is simple. In most rocks, 
however compact to the eye, there exist interstices, cavities, and other 
spaces in which water may enter and be stored. This is especially true 
of all sedimentary rocks, which comprise a large percentage of the 
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earth’s crust. <A fine sandstone, whose grains and intervening spaces 
are indistinguishable to the eye, when placed under the microscope 
resembles a mass of cobblestones in which the spaces may occupy as 
much of the aggregate area as the solid particles. Into a gallon 
measure of dry pebbles varying in size half a gallon of water may 
sometimes be poured. 

Rocks of open texture, such as loose sands and sandstones, gravels, 
and chalk, have a sponge-like capacity for imbibing water. Water 
poured upon sand will quickly disappear by imbibition. If we wish 
to filter water we run it through beds of sand or gravel. Bricks are 
sprinkled before they are put into buildings, and they absorb from 20 
to 60 per cent of their weight of water. On the other hand, wishing 
to shed water or otherwise prevent its percolation, one constructs roofs 
of tile, makes tables of marble, and builds tanks and cisterns of cement 
or clay. Few stop to consider when thus using rocks that they are 
making practical application of the broad principles which control the 
occurrence of underground water. By careful and accurate experi- 
ments the capacities of rocks for the imbibition and transmission of 
water have been determined, and it is shown that sandstone or chalk 
will absorb many times as much water as slate, marble, or granite. 
These facts can be observed after every rain. If the rain falls upon 
loose, sandy soils, like those of the two cross-timber regions of Texas, 
it quickly disappears by absorption; if, on the other hand, it falls on 
the clay soils of the prairies, it stands for some time in pools, such as 
those called ‘* hog wallows” in Texas. Glass is similar in water capac- 
ity to some large areas of volcanic rocks and will absorb no percepti- 
ble amount of moisture; marble will drink in only a slight quantity, 
while chalk, sand, and brick will absorb nearly their own weight of 
water. 
While water-bearing rocks are always porous and usually are but 
slightly if at all consolidated, the degree of consolidation has but little 
bearing upon the retaining function of impervious strata. Soft clay 
shale is practically as impervious as hard slate. People often discredit 
the possibility of obtaining artesian water in many favorable localities 
because of the absence of visible indurated strata, which they suppose 
are necessary to constitute the impervious stratum above the one con- 
taining the water. In fact, the presence of hard rocks is not a neces- 
sary condition for the obtainment of artesian water; for the older 
formations of the earth, which are usually more consolidated, as well 
as more metamorphosed, and more disturbed by tilting, faults, and 
folds, are least favorable for the occurrence of artesian water. On the 
other hand, the later formations present the opposite and more favor- 
able conditions, and with few exceptions the great artesian wells of the 
world are found in them. 
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FLOW OF WATER THROUGH ROCKS. 


The capacity of rocks for the transmission of water is entirely differ- 
ent from their capacity for imbibition. Each kind of rock has an 
individual capacity for the transmission of water. If one should 
construct of sand, clay, slate, granite, and chalky and close-textured 
limestone filtering vessels of equal capacity and fill them with water, 
one would see diverse results, illustrating the capacity of these rocks 
for transmission of water. Water would pass so slowly through the 
close-textured limestone, slate, and granite, that the quantity filtered 
would be practically imperceptible. At first the sand and chalk would 
drink in the water equally fast, but after complete saturation it would 
require much longer for the water to percolate through the chalk than 
through the sand. 

If the component particles of a rock present an impervious surface, 
water willadhere to the surfaces of the individual particles until the 
entire specimen is enveloped in a coat of water, which gradually pene- 
trates the interior of the rock through the interstices between the par- 
ticles. If the interstices are smaller than the average drop of water, 
the resistance of cohesion to the transmission of water will be propor- 
tionately greater; hence, while fine-grained rocks, such as a chalk ora 
brick, may drink in much water, they will transmit it slowly, while 
water will pass rapidly through coarse gravel. Thus, some sandstones 
of exactly the same capacity for imbibition as chalk transmit water 
many times faster. The capacity for transmission in rocks of different 
grain and the accompanying adhesion are similar to those which may 
be seen in passing water through sieves of different mesh. 


INFLUENCE OF STRATIFICATION ON DISTRIBUTION OF UNDERGROUND 
WATER. 


The distribution of underground water is dependent upon the 
arrangement of rocks in sheets or strata. The rock materials of the 
earth have been sorted by the waters which originally deposited them 
into definite sheets or strata of different capacities for imbibition and 
transmission. Thus another important fact in the question of under- 
ground water is introduced—the stratification or arrangement of the 
rocks relative to one another. 


Direct and Artesian Drainage of Strata. 


By the arrangement of porous strata between impervious strata 
nature has constructed reservoirs and conduits for the storage and 
transmission of water. The horizontality or inclination of the rock 
sheets determines the manner of distribution of underground water, 
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constituting negative or positive conditions for the procurement of 
springs and wells. 

If strata are horizontal the water tends to remain stored in them 
unless they are cut across by valleys, in which case the water will flow 
laterally and escape from the edges of the strata as seepage springs. 
If the water-bearing strata are inclined and are included between over- 
lying and underlying impervious strata the water will sink until this 
pervious sheet is entirely saturated, the overlying impervious sheet 
opposing the tendency of the water to rise through hydrostatic pres- 
sure, and the impervious stratum beneath preventing escape down- 
ward. Both of these types of stratum drainage, that of the horizontal 
and that of the inclined strata, are due to gravity. 

Gravity drainage is of two kinds, direct and artesian. Direct drain- 
age is that by which water escapes at the bottom of a hydrostatic 
column. If sheets, beds, or masses of rock containing water be cut 
into by a wellhole, a ditch, erosion, or other means, to a lower level 
than that at which the water entered, the water above the level of, the 
incision will be drained from the rocks by the simple process of seep- 
age, just as water escapes from the bottom of a wet sponge or from 
the faucet at the bottom of a barrel. This is the method by which 
water is obtained from ordinary nonartesian or dug wells and from 
seepage springs so frequently found along the low banks of rivers, val- 
leys, or other natural incisions into the strata. Modern agricultural 
field subdrainage depends upon the same principle. Artesian drainage 
is that in which the water rises above or escapes from a level higher 
than the bottom of the hydrostatic column. The simplest illustration 
of this principle is the equilibrium maintained by water in the two 
limbs of a U-shaped tube. Water from high reservoirs carried by 
pipes to the upper stories of buildings also illustrates this principle. 
Artesian water will not rise higher than its head or source, and its 
pressure varies with the difference between the altitude of the head 
and that of the outlet. 

When the embedded water-bearing strata are inclosed between 
impervious beds and incline beneath the surface and the water is con- 
ducted to a lower level than the outcrop, it will remain stored in the 
earth under hydrostatic pressure until an outlet is provided for it. 
Water conducted downward to a lower level by an embedded stratum 
possesses a tendency, due to hydrostatic pressure, to rise higher than 
the overlying retaining bed when an outlet is afforded. If the retain- 
ing beds overlying such a water-bearing stratum are penetrated by an 
opening, artificial or natural, the contained water will rise higher than 
the overlying bed. 
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Artesian Wells Defined. 


Earth waters which, under the influence of hydrostatic pressure, 
rise through an opening to a higher level are known as artesian waters. 
Hence an artesian well may be defined as one in which the water rises 
by means of hydrostatic pressure above the reservoir or embedded 
stratum in which it is contained. If the water rises to the surface, 
the well is known as a flowing artesian well; if the water fails to rise 
to the surface, the well is known as a nonflowing artesian well. 

The height to which the water will rise depends upon several 
conditions. If the embedded water-bearing stratum is incised at only 
one place down the dip from its surface outcrop, the water at the place 
of incision will rise to the same level as the line of complete satura- 
tion of the bed. This level is somewhat lower than that of the lowest 
point of the surface outcrop. If there are several incisions the ques- 
tion is not entirely one of static equilibrium. For instance, if water 
is naturally received by the stratum in one part of its outcrop and 
discharged from another lower part, the conditions in the intervening 
area are those of dynamic rather than static equilibrium, and the 
water will rise in a well to a level intermediate between the receiving 
and discharging levels. 

The water-bearing stratum may be termed an artesian reservoir. 
This and the impervious strata beneath and above constitute an artesian 
system. 


Influence of Relief on Artesian Supply. 


The relief of a country has important bearing upon the conditions 
of occurrence of underground water. If the earth’s surface were 
level and the strata horizontal, earth water would be at a uniform 
depth throughout, as inan undrained field. But the surface is broken 
into mountains and plains and scored by valleys, while strata in nature 
are rarely absolutely horizontal. In general, mountains owe their 
existence to the relative hardness and imperviousness of their strata, 
and are less favorable for the storage of underground water than 
plains areas, and owing to the action of gravity underground water 
is constantly being drained away at the levels of the valleys. 

Valleys, according to their kind, serve either to store or to drain the 
underground water. In the Greater Texas region there are two kinds 
of valleys: (1) Active valleys, which are in process of being cut out 
at the present time by streams seeking base-level; and (2) ancient 
valleys, which originated in past geologic time and have been partially 
refilled with the débris of the adjacent region. All the valleys in the 
mountains proper and the plains of the Regional Coastward Slope 
(and of eastern United States) belong to the first class, which may be 
called stream valleys. Valleys of this class usually so cut the strata 
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that they break the continuity of the rock sheets and tend to under- 
drain the divides. The altitude of the line of saturation near a stream 
is reduced by springs occurring near the water level. The valleys of 
the second class, or basin valleys, are characteristic of the great arid 
Cordilleran region, and with one or two exceptions are void of run- 
ning surface water. They are filled with porous débris above an 
impervious plain of buried mountain rock, and are favorable reser- 
voirs of underground water. When surrounded by vast areas of 
mountain surface they are more apt to contain underground water in 
quantity than when the area of mountain slopes is smaller, for imper- 
vious mountains serve to shed and deliver the rain water, which runs 
down their slopes to the pervious valleys, thereby increasing the 
available water supply beneath the latter. 

In general it may be said that the most favorable topographic con- 
ditions for the occurrence of artesian water, but the least favorable 
for seepage springs, are found in gently sloping plains underlain by 
unconsolidated rock sheets where the strata incline in the same direc- 
tion as but at a slightly greater angle than the surface slope, and where 
the relief is but slightly broken by valley incisions. Where the strata 
are thus arranged and are composed of extensive alternating pervious 
and impervious sheets, so that in traveling up their slope, although 
constantly ascending in altitude, one encounters the outcropping edges 
of rock sheets of lower and lower stratigraphic position, the artesian 
conditions are favorable. The rainfall upon the outcropping edges of 
the pervious layers is conducted downward by gravity along the 
inclined plane of their embedded continuation. Each particular water- 
bearing stratum becomes embedded deeper and deeper toward the less 
elevated side of the plain. In such cases the area of availability and 
catchment is inversely proportional to the degree of inclination of the 
strata, increasing as the inclination decreases. 


ARTESIAN-WELL SYSTEMS OF TEXAS. 


There are several distinct artesian systems in Texas, some of which 
are capable of supplying large areas. There are also extensive areas 
where, although the conditions for obtaining artesian wells are unfa- 
vorable, both the geologic structure and expensive experiments showing 
the impossibility of securing flowing water, an occasional small well 
may be obtained. 

The geologic structure of the Greater Texas region is broadly 
divisible into a few simple types, corresponding to the geographic 
provinces, each of which exemplifies the principles controlling under- 
ground water, as set forth on preceding pages. In a general man- 
ner it may be stated that the eastern portion of the State embraced 
within the Southern, East-Central, and Eastern provinces, including 
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the region east of the Balcones scarp line from the Rio Grande to the 
Pecos, and east of the Western Cross Timbers from the Colorado to 
the Ouachita Mountains, presents favorable conditions, although there 
are districts within this area in which they are unfavorable. Like- 
wise it may be stated that the structure of most of the region west of 
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Fia. 44.—Map showing artesian districts of Texas. 
1, Coast Prairie system; 2, Hallettsville system; 8, Carrizo system; 4, Black and Grand prairies 
system; 5, Trans-Pecos Basin system; 6, Stevens County and Jack County systems. 
the above line, including the Central and Great Plains provinces and 
much of the Trans-Pecos province, is unfavorable to the procurement 
of artesian water. 


Regions in which Artesian Conditions are Unfavorable. 


As shown in the accompanying diagram (fig. 44), tae general nega- 
tive regions are: (1) The Central Province, including the vast country 
underlain by the Paleozoic formations and the Red Beds; (2) the Plains 

ince, including the Llano Estacado and Edwards Plateau; (3) the 
Province, including the Llano F 
mountainous areas of the Trans-Pecos Province. In general, the 
geologic structure in the regions mentioned is unfavorable for the pro- 
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curement of flowing wells, and it is proper to caution the citizens and 
communities thereof against making expensive experiments without 
competent expert advice. 

Water is transmitted by gravity in the direction of the dip (inclina- 
tion) of the strata, and if the topographic conditions are favorable 
flowing wells are obtainable at points lower in altitude than the out- 
crop and more or less distant therefrom. If the strata of a plain 
incline in a direction opposite to the general slope of the country, no 
matter how favorable the other conditions, they will furnish no flow- 
ing artesian wells, for the catchment area is lower than the surface 
above the embed, and water can not rise above the height of the 
receiving area. Such strata may, however, furnish water for pumping 
wells. 

Because of this principle there is a vast area of Texas and western 
Oklahoma, including most of the great Central Province, where arte- 
sian wells are unobtainable. In the Central Province wells 2,000 feet 
or more have been bored at several places, notably at Thurber (3,000 
feet), Cisco (1,800 feet), Abilene (2,000 feet), Merkel (about 2,000 
feet), and Colorado City (1,200 feet), and in no case were there any 
results which disprove the previous negative opinions based upon the 
geologic formation. 

Other great areas of plains present unfavorable artesian conditions, 
because the water-bearing strata are intercepted and drained by bor- 
dering valleys. The water of saturation in buttes, mesas, and table- 
lands in general, which usually consist of horizontal strata, is reduced 
by seepage toward the level of the surrounding valleys, or, when 
alternations of pervious and impervious strata occur, the water is 
conducted horizontally until it seeps out as springs at their contact. 
The Llano Estacado, or great Staked Plain of Texas and New Mexico, 
is the largest of all the American mesas in area, and is surrounded by 
deep valleys. Its geologic structure consists essentially of a pervious 
surface formation 800 feet, more or less, in thickness, resting upon a 
foundation of impervious clays and other rock. The upper formation 
readily imbibes all the surface rainfall, which ultimately escapes near 
the bases of the surrounding valley escarpments. Throughout this 
large area, once considered hopelessly void of water, good nonflowing 
wells are now everywhere obtained by boring to the lower depths of 
the saturated summit formations, while springs occasionally break out 
at the margin of the plains where the two formations are in contact. 
We have no record of any wells upon the Llano Estacado or Edwards 
Plateau which have penetrated to depths beyond 1,000 feet, or in which 
the water rises under hydrostatic pressure. The structure of this pla- 
teau of cireumdenudation and its higher topographic situation relative 
to the surrounding regions are unfavorable to securing flowing wells. 

In Texas the mountain regions present less favorable conditions 
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for procuring artesian water than the plains. The rocks which com- 
pose most of the mountain masses of the Greater Texas region are 
quartzites, clays, massive limestones, and igneous rocks, which are 
usually more consohnslaiet) compact, and impervious, and hence less 
adapted for the storage and passage of water than those underlying 
the plains. 

Furthermore, as in most mountain regions, the strata are excessively 
inclined, and artesian wells are improbable if not impossible over 
any wide area, for the embedded strata dip within short distances to 
depths below all available borings. A common idea that artesian wells 
are pec uliar to regions of great stratigraphic dip is fallacious. A dip 
of 2° is scarcely visible to the eye, but it will carry a stratum down- 
ward 184 feet ina mile; a dip of 10° is hardly noticeable, but it will 
make the stratum 918 feet deep in a mile; a dip of 45° will make a 
stratum 4,329 feet deep in 1 mile, a greater depth than any drill can 
profitably penetrate. Of the many artesian wells in the Texas region, 
all occur within areas where the dip of the rock is less than 1°. In 
the Trans-Pecos region there are certain basin deserts, or bolsons, 
in the lower portions of which favorable artesian conditions occur, 
but the mountainous portions present a field which is hopeless in this 
respect. 

A section from the Gulf of Mexico to the Rocky Mountains—from 
Galveston to Las Vegas, New Mexico—illustrates some of the facts 
herein set forth. From the interior edge of the Grand Prairie to the 
coast there is a large series of alternations of porous and impervious 
strata of the later geologic ages, dipping at an almost imperceptible 
angle toward the sea and outcropping to the west, the outcrops of 
which are favorable receiving areas for artesian systems. The above 
group of rocks rests upon another series of older rocks outcropping in 
the Central Province which incline in a direction opposite to that of 
the topographic slant, and hence present negative conditions for arte- 
sian water. No artesian wells of large flow have been or are apt to 
be obtained in the latter region. Above the western part of this series 
is the mesa of the Llano Estacado, the nonartesian conditions of 
which have been explained. A second negative area is shown in 
northeastern New Mexico, where the inclination of the strata is again 
opposite to that of the topographic slant. Where the front of the 
Rocky Mountains appears the conditions are unfavorable for artesian 
wells owing to the faulting and excessive dip of the strata. 


Artesian-Well Systems of the Texas Coastal Plain. 
For the purposes of the discussion of the artesian-water problems, 
all of that portion of the eastern half of Texas lying east of the Cen- 


tral Province and Edwards Plateau may be disc ussed ander the generic 
name of the Coastal Plain. 
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Inasmuch as the artesian-well systems of the Black and Grand prairies 
are related to the broader group of artesian-well systems in general 
underlying the whole Coastal Plain of Texas, it is appropriate to intro- 
duce here a few remarks upon the latter as a whole. 

The subdivisions of this plain include the familiar belts of country 
which have been described under the following names: 

1. Coast Prairie. 

2. Fayette Prairie. 

3. East-Texas Timber Belt. 

4. Black Prairie, including the Eastern Cross Timbers. 

5. Grand Prairie, including the Western Cross Timbers. 

6. Rio Grande embayment, which embraces the modified continua- 
tion south of the Colorado of 2, 3, 4, and 5. 

The artesian wells and well systems’ of this portion of Texas are 
numerous and extend over considerable areas. This portion of the 
State constitutes one of the most productive artesian regions in Amer- 
ica, if not in the world, extending from near Red River, Denton 
County, to the Rio Grande at Del Rio, a length of 448 miles, and aver- 
aging 300 miles in width. In this general region there has been a 
great development of artesian wells within the last fifteen years. At 
numerous places in districts which a few years ago possessed only 
inadequate supplies of water, flows have been secured and artesian 
wells now supply water in great quantities to cities, ranches, and farms, 
and improve the sanitary and domestic conditions. 

Flowing wells have been successfully obtained at Fort Worth, Waco, 
Dallas, San Antonio, Houston, and Galveston, the principal commer- 
cial cities of the State, having populations of from 25,000 to 50,000. 
Denton, Taylor, McGregor, Corsicana, Temple, Marlin, Hillsboro, 
Morgan, Belton, Hallettsville, and other prosperous towns have also 
been supplied. The number of these wells and the wide areas over 
which they are found suggest that there must be some general laws by 
the application of which the possibility and value of such wells in this 
region can be predicted with considerable certainty, and these laws are 
worthy of investigation. 

The whole Coastal Plain is underlain by little-consolidated strata of 
Cretaceous, Tertiary, and Pleistocene ages. These strata consist of 
sediments deposited in and around the Gulf of Mexico during its 
various epochs of expansion and contraction coincident with continental 
subsidence and elevation. They all incline coastward at a very slight 
angle, a little greater than the surface gradient, producing long and 
gentle inclinations very favorable to artesian conditions. The rock 
sheets, a table of which is given in fig. 1 (p. 32), are composed of 
alternations of pervious and impervious layers presenting favorable 
conditions for the transmission of artesian water. 


1The term ‘‘system’’ includes all wells belonging to a group having their source in the same set of 
rock sheets or strata 
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The water-bearing beds occur in four conspicuous groups of forma- 
tions of different ages. These, in descending series, are: 1, The 
coastal clays of Pleistocene age; 2, the « beds of probable Tertiary 
age, underlying the coastal clays; 3, the generally sandy beds of the 
Fayette division of the Eocene; 4, the sandy beds of the Camden or 
Lignitic series of the Eocene; 5, the Woodbine sands at the base of 
the Upper Cretaceous; 6, certain arenaceous and cavernous beds of the 
Fredericksburg in the middle of the Lower Cretaceous; 7, the Paluxy 
sands; 8, the Trinity sands. 

Each of these groups of water-bearing strata supplies a correspond- 
ing geographic province, constituting an artesian system, and each 
system may be named either from some typical place of its occurrence 
or from the geologic strata which supply the artesian waters, as 
follows: 


Coastal system. Fredericksburg system. 
Carrizo system. Paluxy system. 
Hallettsville system. Trinity system. 


Woodbine system. 


Each of these systems is of great importance to the economic welfare 
of the region which it supplies, and is worthy of a minute description. 
In the succeeding pages such a description of the four last mentioned 
will be attempted, but owing to the lack of sufficient reconnaissance 
and exploration and geographic mapping of the coast region underlain 
by the artesian reservoirs above the Woodbine system, they can be 
described only briefly and in an imperfect and preliminary way; 
therefore the body of the present report will be devoted to the arte- 
sian systems supplied by the Cretaceous formations. 

As a whole the rock sheets of the Coastal Plain may be collectively 
discussed as the systems of the coastward incline. If one begin at the 
coast and travel westward across this region he will find that, while 
constantly ascending above sea level at a slight gradient, he will be 
descending the geologic sequence; that is, he will cross successive belts 
of country, each with its peculiar soil, rock, and flora, and can scarcely 
fail to observe that each of these different aspects is due to differences 
in the rock sheets of which the surface is formed. The outcrops of the 
various strata, owing to their physical and chemical composition, have 
weathered into diverse characters of country—forest and prairie, 
broken or level—exactly as the substructure permits. If the underly- 
ing rock is sandstone, the soil and other surface débris resulting from 
the weathering of the underlying rock sheets are usually covered with 
timber, and surface wells are abundant; but if it is marly (chalky) clay, 
the soil will be black, sticky, and treeless, and the water poor and 
scarce. 

It will greatly assist the reader to grasp the arrangement of these 
rock sheets if the order of succession of the main beds or formations 


400 BLACK AND GRAND PRAIRIES, TEXAS. 


which constitute the explored crust of the earth in this region be kept 
in mind. The various strata which form the coastward incline are 
superposed upon one another in definite order. The arrangement 
of the formations may be illustrated by a package of cardboard, rep- 
resenting the strata or rock sheets (see fig. 45). When properly 
placed on the table the topmost sheet represents the newest geo- 
logic formation, or coastal prairies. A few sheets immediately 
beneath represent the strata of the underlying Washington-Fayette 
prairies. Each cardboard in turn represents an older rock sheet, the 
bottom card representing the Trinity sands resting on Paleozoic rocks. 
Place the pile in a northwest-southeast direction, so as to uncover the 
upper surface of a. large number of sheets, and a very correct idea of 
the manner in which the various geologic formations occupy the sur- 
face of the eastern half of Texas may be obtained. A is the top sheet of 
the pile and Z is the bottom one, yet both are visible. If the hand be 
passed from A to Z along the extended pack, it must traverse in turn 
the exposed surface of each sheet until it arrives at the bottom one. 
Further, if, instead of looking from above down upon the pack, one 


Fic. 45.—Diagram illustrating sequence of strata. 


looks at the side elevation, it will be seen that the cards are not hori- 
zontal, but tilt slightly from northwest to southeast; in other words, 
they dip southeast. Anyone who travels across this region in a north- 
westerly direction will pass over the various strata forming the surface 
as the hand passes over the sheets of cardboard. All the strata dip 
toward the southeast and crop out toward the northwest. The suc- 
cession and outcrops of the various strata are shown in the section of 
the country from the coast to the Central Denuded region. The 
newer formations are on the southeast and the older formations suc- 
cessively occupy the country until we arrive at the Paleozoic sand- 
stones and shales of the Central region. This is the key to the 
succession of the various kinds of rocks in the coastward incline. 
Beginning with the bottom sheet, it will be seen that the face of each 
sheet forms an inclined plain of stratification, the exposed portion of 
which is terminated to the eastward or lower edge by an ascending es- 
carpment formed by the edge of the next higher sheet, and to the 
westward or higher edge by a step-off or descending escarpment 
formed by its own edge. This inclined plain is known geologically as 
a dip plain, as distinguished from a mesa or plateau, in which all the 
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edges are tree escarpments. All the parallel belts of country of the 
coastward incline are dip plains. The valley where the escarpment 
meets the dip plain may be called a valley of stratification; and there 
are many of these in the region under discussion, the most conspicuous 
of which is that of the Western Cross Timbers. 

Furthermore, to one traveling across these escarpments and dip 
plains, it will be evident that while the sudden descents of the es- 
carpment faces are great, the gradual ascents of the dip plains are 
greater in aggregate height, so that while the last valley of strati- 
fication is several hundred or thousand feet lower in the geologic 
series, it is several hundred feet higher in altitude, thus illustrating 
the apparent paradox that the receiving areas of artesian-well systems 
are often valleys. 

Finally, if the whole pack of cards should be completely fractured 
or cut through by a knife, and one side dropped down or raised up, 
this would constitute what is geologically known as a fault. If the 
dislocation or throw of the fault is great, the continuity of the trans- 
mitting strata is broken and the artesian conditions are seriously 
affected. If the downthrow is interiorward, the receiving area may 
be reduced too low to afford pressure for a supply of water at the 
point where a well may be desired. 

Now, it happens that throughout the vast region of the Coastal 
Plain there are two of these great fault zones—one of each kind—the 
first of which, the Balcones zone, extends from near Dallas to Del Rio, 
via Waco, Austin, Heliotes, and Uvalde, and is a strike fault which 
downthrows to the coastward; while the other, the Red River fault 
zone, which extends from near Marietta, Indian Territory, southeast- 
ward through Preston, Denison, and south of Paris, Texas, is a dip 
fault, with its downthrow interiorward. ‘These are both described in 
detail in the geologic chapters. 


COAST PRAIRIE SYSTEM.! 


Beneath the extensive Coast Prairie region which borders the Gulf 
of Mexico there are many sheets of artesian water-bearing strata, as 
may be seen in the accompanying descriptive section of the deep well 
at Galveston, Texas, which will serve to illustrate the general geologic 
structure of the Coast Prairie region. 


1The writer can not here give minute details concerning the volume, chemical ¢omposition, and 
uses of the artesian waters of the Coastal Plain in general, but wishes merely to present a conspectus 
of their geographic and geologic occurrence and availability. Valuable details of the character 
above mentioned may be found in a paper entitled Preliminary Report on the Artesian Wells of the 
Gulf Coastal Slope, by J. A. Singley, Austin, June, 1893. 
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Section No. 48.—DrrEP wWreLL AT GALVESTON, TEXAS. 


Depth te bot 


Thickness. tom of 
. strata. 
Pleistocene: Feet. Feet, 
1.) Buifigray ‘sand: 2.222 eo cce Se Pee Ee eeeeeeEee 46 46 
2. Reddish-brown clay, inclosing calcareous concretions, 
ferruginous sandstone, and quartz pebbles, nodules 
of dark-gray clay, and shell fragments....--------- 17 63 
3. Mottled red and blue clay, full of shell fragments. 
The last 16 feet of this clay is full of lignitic matter 
andiihasitiewer'shellst25-5 5-20 eee eee ee Eee eee 37 100 
4. Gray sandy. clay 2.522.220 cae en eee eee ee eee eee ee 10 110 
5. Fine gray sand, containing some fragments of lignite - 57 167 
GueButtcoloredisandiyi clayg=-eeeeee een eee eee eee 112 279 
7. Fine gray sand, containing a few fragments of lignite. 26 305 
8. Grayish-brown clay, inclosing fragments of lignite --- 10 315 
9. Fine sand, varying in color from gray to ash gray AF 
and buff gray. Fragments of lignite were met 
with throughout this bed and the last 35 feet were 
slightlysmilcaceOUst-pesss= === =e eee ea eee 125 440 
10. Grayish-brown clay, containing fragments of lignite, 
shells, coral, and a fragment of the claw of a crus- 
TACEAM Ss 2 Boe satin eel eee eee eee ene 18 458 
Age doubtful: 
4 : ; “ 
11. Gray sandy clay, slightly micaceous..-......-------- 10 468 
12) Browmish-oraiy, sandy: Claes === eee 29 497 
13. Fine light-gray clayey sand, micaceous ..-.-.--.------ 78 575 
14 eBrownish-erayasandiy clay sae es= sees es ae= aa 17 592 
lb.iGray sand iimicaceouss=— = ee ses eeeeeeEe aaa eeee ares 20 612 
16. Brownish sandy clay, containing a few shell frag- 
MeONtS. 2 2h sete ys sis ees eee eee oe a ee 35 647 
| 
7, Might-oray sandy clay === sees seen eae eee | 27 674 
18. Reddish-brown sandy clay, containing finely commi- 
muted sell tragimncmitse: Sasa eee ae ee 32 706 
19. Butt-colored sand, slightly micaceous...----.-.-------- 14 720 
20) Brownish-pray.clavey, can (=== eee 17 737 
21. Light-gray clayey sand, the last 11 feet containing a 
tew shell fragments and large pieces of lignite. ---- - | 90 827 
on . - ra | 
22. Coarse silver-gray sand, composed of angular frag- | 
ments of translucent and smoky quartz not much 
waterworn. This is the water-bearing sand from | | 
which most of the city’s water supply is derived. - - 55 882 
23. Buify sand yiclay.-2. 5-2 sa-2 eee eee eee 11 893 
24. Gray sand, full of fragments of lignite and a few shells. 10 903 
25, Browmnish-clayey, sainGsas ase == eee ere Sh | 911 
26. Indurated coarse gray quartz sand, inclosing frag- 
ments of lignite and shells (too finely comminuted 
for determination), calcareous concretions, and 


small ferruginous sandstone pebbles. ........-.---- 3 914 


HILL.] THE DEEP WELL AT GALVESTON. 403 


Srecrion No. 48.—Drrep wett at GAtveston, Texas—Continued. 


Depth to bot- 
Thickness. tom of 
strata. 
Age doubtful—Continued. Feet. Feet. 
Zieoineash-cravamicaceous Sand .--=-2.2-s225--22-s2-- 16 930 
28. Fine clayey sand, changing from brownish gray above 
through olive-butf to ash-gray below, micaceous 
UDROUA AOU Cho dect ce ene ee eee sa. See SE eEoeeeemne 102 1, 032 
29. Sandy clay, varying buff, brownish, and greenish 
WHNIS! 6 oe a GS Soe tee etn a eng ge 228 1, 260 
30. Coarse gray quartz sand (water-bearing sand) --....--- 28 1, 288 
31. Greenish-gray sandy clay----------.---. Pe eases | Bile 1, 319 
See ull COlORECNC Aye ees ao Ae of = eel | itil 1, 330 
33. Coarse gray sand, composed of rounded, waterworn 
fragments of quartz ( water-bearing sand) -.--.----- 10 1, 340 
Ste creemish-prayesandiy, Clay. ---- 22-62-42 s-05--s2s6-2- 17 1, 357 
Gd. IBRONelS a) GEN) Gacue os ee ee a oe eee 10 IL Blogs 
SO OMPAS ME OIa aC lane me an ieeate orale ste ae see ee 17 1, 384 
37. Reddish-tinted coarse gray sand_......-------------- 9 1, 393 
SomGMeemMishwsandyClane ase 4. 2s ec ees este id 1, 410 
Si). 1B wii, SRINGh CEN? Beare ese ee eee eteete Sener ae ea aee 20 1, 4380 


40. Greenish-gray sandy clay, the last 6 feet changing to 
DukigcOlOnmme ae sees calc se Se eens sane eee 18 1, 448 


41. Medium coarse sand of rounded fragments of translu- | 
cent and smoky quartz; a ferruginous stain gives 


ows) seuvovel @), TaXclobisiou (ouMl) Ae Keowee sneasococesodsee | 6 | 1, 454 
42. Greenish-gray sandy clay, the lower 9 feet shading 
ATICOMOUTaCOLO Leer NE i=. 33m o hee ee eee 28 | 1,482 
| 
43. TBrenmauein bie Got 2 sdoso 5 cee eee ae eMees a= Soe eee alien 1, 493 


Upper Tertiary: 
44. Greenish gray sand, micaceous (water-bearing sand) - -| 18 1,511 

45. Laminated greenish clay, containing small rounded 
pebbles of ferruginous quartz and sandstone, jasper, 

flint, calcareous concretions, and a few fragments 

of opalized wood; shells, lignitized wood and fruits, 


and fragments of claws of a crustacean..----.---.--- 95 1, 606 
AOS TOWANS MY STAVE SAN Cys CLAY =-2222 ana 22 ence es seeee ee 22 1, 628 
Apebrowmishycray Clayey sand = --=----22s2-S-124se2255 126 1, 754 
48. Cream-colored, gritty, calcareous conglomerate. ------ | 4 1, 758 
TO mebineromave san desolGACCOUSiy.— 4-24-22 5 2a - eeeeee = | 22 1, 780 
pom Olivebutesandyiclay.\.%.....2-.----2i 225222 2n- 2 | 20 1, 800 
51. Fine greenish gray sand, micaceous ----------------- | 32 1, 832 
2, Ollinn@sloisitt sen yaCle ns sees sae eee ete a rene | 13 1, 845 
5B. Ji® Glare (ergehy (S(noKG ee aes es eee ee | 31 1, 876 
54. Brownish clay, containing fragments of lignite, calca- 

reous concretions, and finely comminuted shell frag- 

INEM (Sen epee te ee te hase: 19 1,895 


Som WArkeoraysSanC sm CACCOUS) see sees 22-26-5525 5555 28 1, 923 
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Section No. 48.—Drrp wELi_ at GALVESTON, TEXAs—Continued. 


Depth to bot- 


Thickness. tom of 
strata. 
+ . . ‘ | 
Upper Tertiary—Continued. | Feet. Feel. 
56. Greenish sandy clay, containing caleareous concre- 
tions and lignitized wood and fruits. A few broken 
shells were taken from between 1,879 and 1,990 feet_| 113 | 2,036 
bie Mimesoraryn clay eiyaseim Clue aero ee ae eae a 24 || 62060 
58> Bult sandy clay. Steen 2- 53 2a ee 8 | 25068 
59) Greenish-gray, clayey sande. == === =e eee 29 2,097 
| 
60. Laminated greenish clay, containing calcareous con- | 
cretions, fragments of lignite, and shells too poorly | 
preserved Monuicentiiicatloni=e == —== === AN eer 
Upper Miocene: | 
Gi), Hine dark/srayscand jimi caccouseees sea aen eee 15" = |e 23 lo3 
62. Greenish clay (the first 10 feet laminated) containing 
lignitized wood and well preserved fruits and corals. 
The color markings are preserved on some of the 
Shell siiromast iiss tr yur ee eee ee Al ee 2e96 
| | 
63) Indurated tine orayisancleee =a ers 24 2, 220 
64. Dark colored clay, full of lignitized wood and fruits, 
corals, fishavertebree, andishelloeessss= ss 29 2, 249 
65; ightibutt-orayclayey.salnG =e ees 39 2, 288 
66. Siliceous caleareous shell conglomerate, of a bluish- 
gray color and yery hard, forty hours haying been 
taken to penetrate the 3} feet ....-..-------------- 3355) 2, 2910 
672) Bulteray clayeyisand] see == ep eee eae eee nee 18.5 2,310 
68.) nghijorayisand. mil caccouss ==s=esae eee se nee ees ik 2, 323 
69)=:Browmnishicandyaclayae sees eee eee ee 7 2, 330 
(0; Greenish-oraiviclay ey, sei cle see ae ee eral 15 2,345 
71. Medium coarse gray sand, composed of well rounded 
translucent and smoky quartz fragments, micaceous 
(water-beaming sand) 2a ee-eee ee ne eeereer are. ceras 32 2,377 
72. Greenish clay, inclosing a few comminuted shell frag- 
ments and particlesiob lignite sees ==see=ae=e— ee 10 2, 387 
73. Mottled blue and brownish clay, containing calcareous 
concretions, rounded pebbles of ferruginous quartz, 
nodules of iron pyrites, fragments of lignitized wood, 
and shark teeth... 33.2 Seen eee eee eeeee ae ce 23 2,410 
74. Laminated blue clay, containing calcareous concre- 
tions, iron pyrites, rounded calcareous and ferru- 
ginous sandstone pebbles, lignite, coral, shark teeth, 
and shells: s¢...2 8 Ea ee ee ee eee 15 2, 425 
75. Red and greenish mottled clay, containing a few 
rounded pebbles of flint, iron pyrites in nodules, lig- 
nite, cordlyand shell s=ee= ese eee d 2, 432 
76. Buff-colored sand of rounded quartz fragments (water- 
bearing) sand) 525 eee see eee eee eer 11 2,443 
77. Mottled brown and greenish clay with calcareous con- 
cretions, lignite, and fish vertebree........-----.--- 8 2,451 
78. Lignite 4.032.325.5262 -see ee eee eee eee ee 2 2, 453 
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Section No. 48.—Drep wet ar Gatvesron, Texas—Continued. 


| Depth to bot- 
| Thickness. tom of 
strata. 
Upper Miocene—Continued. Feet. Feet. 
PI 
79. Mottled brown and greenish clay, with caleareous con- 
cretions, rounded pebbles of bluish siliceous lime- 
stone, lignite, coral, fish spines and vertebree, oto- 
liphngwandewater-wornl shells! 2.222555) 2a eee 23 2,476 
80. Light-gray sand (water-bearing sand)_...-...-------- 9 2,485 
81. Dark-gray sand, somewhat coarser than last --------- 19 2,504 
S2lichibuil-onay saad milcaceous= 2-2-2 2-- 526 422s iy 2,521 
Som Marke onayesames mil CACCOUSs == 44.5. esses eee ene 3 2,552 
The last three beds are a continuation of No. 80, 
water-bearing sand. 
84. Laminated greenish clay, with calcareous concretions, 
lignite, coral, fish vertebree, otoliths, shark teeth, 
ANGsSMNe Se ememeeecee Ss asce ben es oe cee eco seae 15 2, 567 
85. Greenish gray micaceous sand. <A large number of 
shells were secured from this sample, but there is 
no doubt but that many of them are from the clay 
immediately overlying the sand, as the clay was cay- | 
ing in while the pipe was penetrating the sand ----- 31 | 2,598 
86. Mottled brown and greenish clay, containing a large 
number of shells, mostly fragmentary.-.-..-------- 33 2, 631 
- : ep | ¢ OF 
Sipe TAS = OT- aiyesaim Clearer sea S15) tr | eee vrs 6 2, 637 
88. Brownish sandy clay, hard, containing fish vertebree | 
and teeth, otoliths, corals, and shells......-...---- 61 2,698 
SQuBuihclayeysandies seems so. 2. Na Dis A SLE rey | 1G) | erally 
90. Greenish clay, laminated after the first 16 feet, with | 
calcareous concretions, cylindrical gray sandstone 
casts or concretions, waterworn limestone pebbles, 
lignite, coral, fish vertebree, spines, and teeth, oto- 
liths, claws of a crustacean, and many well-preserved 
shells. Fragments of lignite with teredo borings 
and a well-preserved lignitized cone of one of the 
conifers were found in this bed. The last 60 feet 
Changedacoramblinisncolonee a= = s)255— = Sn eeeeeeeae 166 2, 883 
91. Gray sand, the grains of very uniform size of rounded 
translucent quartz. A few grains of smoky quartz 
Were alsoplounm dermwthiG) Sandi == 2 4-5 ese sei nee 37 2, 920 
A strong flow of water was encountered in this bed, 
forcing the sand for 200 feet up the pipe. The | 
water was brackish. 
ODMR Gralvac la evasall (smn memeism se = oo bao cose see eee 65 | 2, 985 
GB), Isitenmasln SaMMGly Why Go ue benceseacesseEeeeeeeessceoe 40 | 3, 025 
94. Dark gray sandy clay, micaceous, and containing a | 
tewpiragmentsior liemite..- 22222... -\--- Jeeta 22, | 3, 047 
| 
95. Coarse gray sand of rounded translucent quartz frag- 
ments, slightly micaceous (water-bearing sand) --_-) 23 3, 070 


The water is brackish, but apparently less so than 
that from any other well on the island. 
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Résumé of the formations of the deep artesian well at Galveston, Texas.+ 


Depth, in feet. 


46-458 (412) {oo cee eee eee asus ieaee cae Pleistocene. 
458-1, 510 (10521)... csc ce eee eee eee eee Doubtful. 
T510=25158: (648) 22 setae ee ee eee Ree ern eee Upper Tertiary. 
2158=2;920) (762) .cenatsiens esac See eeee eee ere Upper Miocene. 


The economic importance of this system can hardly be overestimated. 
The commercial cities of Galveston and Houston are largely supplied 
by these waters. Galveston’s city water supply is from 33 artesian 
wells located on the mainland, the water being piped under the bay to 
the city. The source of supply being wells from 700 to 850 feet deep, 
no organic impurities or sewage contaminations are to be found in the 
water. The chemical impurities are principally bicarbonate of soda 
and common salt, not necessarily injurious to health or rendering the 
water unfit in any way for household or industrial uses. There are 
also over 25 of these wells in the city. They supply not only the city 
(previously dependent upon cistern storage) with water for domestic 
purposes and fire protection, but afford a pure supply for the ship- 
ping which leaves that port. 

Houston is even more abundantly supplied with this water, having 
nearly 100 wells, which obtain water at depths varying from 140 to 
500 feet. In the writer’s opinion nothing has so much contributed to 
the rapid rise of Houston to the first rank in commercial importance 
as this supply of pure water for domestic and manufacturing purposes. 
These wells are obtained with certainty nearly everywhere within a 
radius of 50 miles from Galveston, and are used upon the sugar plan- 
tations. They have been secured in Orange, Liberty, Chambers, 
Galveston, Harris, Brazoria, Fort Bend, Refugio, and San Patricio 
counties. West of the Guadalupe the Coast Prairie is still largely 
given up to extensive cattle ranches, and in at least one instance the 
waters are of great value to stock raisers. 

Much of the Coast Prairie of Texas, like its continuation in Louisi- 
ana, is well adapted to rice culture, and in one or two instances certain 
wells are used for flooding the fields. 

In that portion of the Coast Prairie north and east of Houston and 
Galveston wells have been reported from Devers, Liberty County, 
and on the east side of Galveston Bay in Chambers County, showing 
the extent of this system in that direction. 

Westward, along the coast, another group of wells is found around 
the mouth of the Brazos in the vicinity of Velasco, where water is 
obtained at depths varying from 650 feet at Quintana, directly at the 
mouth of the river, to 1,025 feet at Velasco. There is no reason to 
believe that these wells are not exactly identical in source with those 
at Galveston and Houston, 


1 Harris, Fourth Ann. Rept. Geol. Survey Texas, Austin, 1892 (published 1893), p. 118. 
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This Office has no record of artesian experiments from the mouth 
of the Brazos to the Guadalupe, over 100 miles. In Refugio County, 
Texas, Mr. Dennis O’Connor has three artesian wells in which water 
was reached at 825, 919, and 946 feet. The water they afford has not 
been exactly measured, but one of them is said to flow 150,000 gallons 
each twenty-four hours from a 5-inch pipe, while another having an 
8-inch pipe is said to flow 300,000 gallons. These wells are said to 
come from two water beds, one occurring at a depth of from 765 to 
820 feet and one from 916 to 940 feet. The last furnishes most of the 
water and is cooler. The quality of both these is said to be very sim- 
ilar, the water being as soft as rain water and free from saline mate- 
rial. The wells are at present used exclusively for stock purposes. 

From San Antonio Bay to the Rio Grande little artesian exploration 
has been attempted in the coast counties. At Corpus Christi water is 
obtained at 1,765 feet. The greater depth of this well indicates a 
variation from the uniformity of conditions which has prevailed along 
the coast from Galveston to the mouth of the Guadalupe. From 
Corpus Christi southward there is a stretch of 150 miles of the Coast 
Prairie from which we have no reports of artesian investigation. * 

It will be observed that there are at least two chief water-bearing 
strata in these walls of the Coast Prairie region at Galveston, and that 
this sequence is shown as far west as Refugio County. The uppermost 
of these, which is struck at a depth of about 825 feet at Galveston, 
seems to be the chief source of supply. The other available stratum 
lies at 1,260 feet. 

While lack of knowledge of the exact geology of the strata renders 
it impossible to say that the waters all come from identically the same 
geologic horizons, it is probable that all the wells from the Louisiana 
line to O’Connor’s wells in Refugio County come from closely allied 
beds, and the wells of this particular coastal tier of counties will be 
referred, at least tentatively, to one general system. 

There are no data for defining precisely the geographic limits of pos- 
sible suecess. There is little reason to doubt that in the whole Coast 
Prairie belt from the Sabine to the Rio Grande wells of this character 
may be obtained, yet, owing to the insufficiency of exact geologic data, 
it is impossible to give more particulars concerning the system. 

Certain wells at Rancho, about 7 miles northwest of Goliad, con- 
cerning which there are no geologic data, in which flowing water is 
obtained at a depth of 60 feet, may possibly represent the western 
limit of the coastal artesian system. 

Keno, in northern Liberty County, is probably west of the’ limit 
of possible flow. All that can be said at present is that the belt of 


1 Newspaper reports since this paper was written announce the successful drilling of several flow- 
ing wells on the King ranch, in Nueces and Hidalgo counties, thus extending the known field much 
farther southward. 
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success is confined approximately to the coastal tier of counties west of 
the Brazos and to the coastal and adjacent counties north of that river. 

These waters occur in a series of beds underlying the coastal clays, 
the geologic age of which is probably late Tertiary and Pleistocene. 
Furthermore, these water-bearing beds, which have been called the x 
beds in the geologic description, have not been traced to the surface 
and may possibly receive their waters by underground connection with 
other sheets. All that can be said at present is that these great sheets 
of water-bearing strata, as shown by actual exploration, do underle 
the Coast Prairie of Texas and adjacent islands and are available for 
the use of man. 


HALLETTSVILLE SYSTEM. 


We place in a second artesian-well system of Texas a belt of wells 
extending partially across the Southern Province, lying along the 
border of the Coast Prairie and Fayette Prairie regions. This 
includes a narrow strip of country extending from Brenham south- 
ward to the Rio Grande at Hidalgo, including portions of the counties 
of Colorado, Lavaca, Dewitt, Victoria, Goliad, Bee, Live Oak, west- 
ern Nueces, eastern Uvalde, Starr, and Hidalgo. Owing to lack of 
exploration, exploitation, and sufficient geologic data, together with 
the irregularity of the geologic formations and the difficulties sur- 
rounding their interpretation, it is not possible to speak of this group 
as coming from one definite geologic terrane, but it includes wells pro- 
cured from several different beds in a series of Tertiary strata lying 
above the Carrizo system and beneath those supplying the Coastal 
system. It is very probable that some of the wells, if not mest of 
them, are derived from the highly favorable sandy terranes of the 
Fayette series of the Eocene Tertiary. 

It is probable that the conditions throughout this belt so vary locally 
that much time and study will be required to define the limits and pos- 
sibilities of the water flow or flows, if possible at all. Artesian 
experiments have been made in this belt at Hallettsville, Shiner, 
Yoakum, Victoria, Yorktown, and Hidalgo. The writer can only 
present the records of success and failure within this region. 

The wells at Hallettsville may be taken as a type of successful flow. 
Several artesian wells occur in this prosperous town. Two flows have 
been secured at the depths of 300 and 560 feet. At the well of the 
Oil Mills these furnish 20,000 and 40,000 gallons a day, respectively. 
The city is supplied with drinking water from artesian wells. The 
writer has been unable to procure a geologic section of these wells, 
but there is reason to believe that their water comes from the Fayette 
series, or upper division of the Eocene, a source lying lower in the 
geologic column than that of the Coast Prairie wells and higher than 
that of the wells in the belt lying to the west, next to be described. 
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With the data at hand no positive statements can be made concern- 
ing the extent and possibilities of the belt. Its eastward extent has 
not been explored. A line drawn through Shiner to Yoakum and 
Yorktown will possibly indicate the western limit of the field. 

At Shiner, 15 miles west of Hallettsville, a flow of water was 
struck at 90 feet from the surface, supplying 35,000 gallons a day. 
This water is apparently derived from the same beds as the Halletts- 
ville wells, and if so the inclination of the beds is from 20 to 40 feet 
to the mile in an easterly direction. The Shiner well was commenced 
at a low altitude relative to the surrounding country, and its slight ~ 
depth indicates that it is very near the western limit 
of the Hallettsville flow. ‘: 

Yoakum apparently lies at the western edge of the 
Hallettsville belt. Many experiments have been made '°° 
at this place to secure a good flow of water for city 
supply, but with no success. Ata depth of 100 feet, 200}F = 
after a stratum of harder rock had been passed, 88 
feet of water-bearing sand were encountered, from 
which the water rose to within 19 feet of the surface. 
In another well in the town a feeble flow was struck 
at 252 feet, which was of no value. 

The following notes from Mr. J. W. Greer, secre- 
tary of the Yoakum Improvement Company, Yoa- 
kum, Texas, and the section in fig. 46, give instructive 
data concerning the experiments at this place: 

NovemBer 8, 1895. 

At the request of Mr. J. L. Slayden, one of the owners of the 
plant with which I am connected, I will endeavor to give a brief 
history of our efforts to get artesian water in Yoakum. 

At Hallettsville, 16 miles north of us, there is artesian water 
of the softest and purest kind, flowing from seyen wells within 
a radius of 3 miles. Flowing water was struck at depths rang- 
ing from 375 to 525 feet, the strongest well flowing through a 
4-inch pipe, 40,000 gallons per day. Fig 45: cWell ati Yea: 

At Shiner, 12 miles northwest of us, flowing water was struck kum, Texas. 
at 90 feet, the output being 35,000 gallons per day. The water 
rose to a height of 6 feet above the surface. This well was bored in a low place. A 
second attempt, on the side of an elevation 24 feet higher, resulted in failure to get 
a flow at the same depth, although at a corresponding depth the same water stratum 
was penetrated and water rose within 19 feet of the surface. This second well was 
continued to a depth of 250 feet, at which depth a feeble flow of muddy water was 
had. The flow was so small and the water so impregnated with sand and mud as to 
be valueless, so the flow was cased off and the well was continued through very hard 
rock to a depth of 450 feet, then passed successively through clay, lava, and slate, and 
stopped at 700 feet in a stratum of dead, dry-looking clay. This well was without 
result, although but for lack of funds it could have been bored much deeper. 

With the aboye data before us, and knowing that two attempts had been made in 
Yoakum to get artesian water (with drop drills), both of which failed at about 600 
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feet because the casing had been reduced to so small a size as to preclude reaching a 
greater depth with drop drills, we determined to make another effort for artesian 
water. We employed Charles Karsch, who bored the wells at Hallettsville and 
Shiner and who works with the appliances of the American Well Works, a rotary 
hydraulic system. 

The two previous attempts to bore artesian wells in Yoakum were made on an 
eleyation 20 feet higher than our plant. In one of the wells, it was claimed, water 
rose within 19 feet of the surface. Our present attempt is being made between two 
surface wells which now supply through the medium of steam force pumps all 
the water used through the waterworks system here, about 100,000 gallons per 
day. At 100 feet we passed through a rock and struck 8 feet of water sand, the 
water rising up to a level with the water vein in the surface wells, but flowing 
seemingly only into one of them. This materially increased our water supply and 
has improved the taste and quality of the water very much. The surface water 
seems to be a combination of lime, magnesia, and saltpeter. It is anything but 
pleasant to the taste and has a bad effect until one has become accustomed to it. 
Ata depth of 245 feet we passed through 15 feet of water sand, and the water rose 
within 40 feet of the surface. This water was pure and sweet to the taste. At 
324 feet we again struck water, but it rose no higher than the previous vein, so we 
could not tell anything about the quantity or quality, as it might be that the higher 
stratum was following the case downward and rising within it. About this time we 
struck 33 feet of quartz, almost as clear as diamond and exceedingly hard, requiring 
nine days of constant work to penetrate it, and leaving the hole slightly out of round, 
so that it was necessary to reduce the case from 8 inches to 6 inches, which we have 
continued to the present depth—940 feet—from 346 feet. 

I have sent by express thirteen samples of the different strata passed through, 
beginning at a depth of 520 feet and continuing at intervals to the bottom of the well. 
In specimen No. 5, marked ‘‘Lavaand cinders,’’ a small piece of wood (lignite) came 
up on the drill at 760 feet below the surface. The drill seemed to work through 
wood about 18 inches. 

We have not been able to detect water since leaving the stratum at 332 feet. Below 
800 feet the nature of the different strata, as shown in the last three samples, Nos. 
11, 12, and 13, indicates strongly, so Mr. Karsch claims, that we are in close proximity 
to water. 

A trace of semiliquid asphaltum or substance of that nature was passed through at 
the same depth, nearly, as the wood and cinders. 

Very respectfully, yours, J. W. Greer, Secretary. 

At Yorktown, Dewitt County, shallow wells were procured at 60 feet, 
from which flows of water were obtained possessing the same charac- 
ter as that from the Hallettsville and Shiner wells. The shallowness 
of these wells is a sure indication that they are situated very near the 
western limit of the area of successful experimentation. Karnes City 
probably lies entirely west of this belt, for at this point an experi- 
ment of 1,800 feet failed to develop flowing water. Data are abso- 
lutely wanting concerning the longitudinal extent of this belt. The 
experiments near Hidalgo lead us to believe that it may reach as far 
south as the Rio Grande. 

In Hidalgo County, near the town of Hidalgo, on the Rio Grande, 
two wells have been sunk, to 700 and 1,000 feet, and the water rises 
in each of these to less than 100 feet of the surface. These wells may 
possibly procure their waters from lower beds than the Fayette series, 
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the easternmost outcrop of which is near this point. This experiment 
shows that the artesian conditions are at least partially favorable in 
this region. 

CARRIZO SYSTEM. 


The 2,000 feet of strata composing the Lower Eocene is made up 
largely of pervious sandy beds alternating with layers of clay, pre- 
senting perfect conditions for the storage and transmission of water. 
In fact, of all the great series of rock strata entering into the strueture 
of the State of Texas, no others present so large a proportion of arena- 
ceous beds having the proper texture for the storage and transmission 
of water. 

Many artesian wells in Texas derive their waters from the beds of 
this series. These are found at various intervals along a belt extend- 
ing completely across the State from Carrizo Springs, Dimmit County, 
near the Rio Grande, northeastward, to Jefferson, 500 miles. Wells 
of this system occur in Dimmit, Webb, Lasalle, Frio, Gonzales, Bas- 
trop, Burleson, Grimes, Robertson, Wood, and Marion counties. 

On the Rio Grande, commencing at Laredo, and occurring at inter- 
vals northward nearly to Red River, are several local groups of arte- 
sian wells derived from various horizons of this formation, some of 
which are probably, but not positively, from higher beds than those 
of the Carrizo belt. 

Except for the purposes of city supply, artesian wells are not 
especially desired in that portion of the timber belt lying north of the 
Brazos, inasmuch as good surface wells are nearly everywhere obtained, 
and the country has abundant rainfall for agriculture. Wells are 
especially desirable, however, in that portion lying west of the Brazos, 
and they increase in importance and necessity as the conditions become 
more arid. 

While all of these wells are obtained from the Camden series, it is 
not probable that they all come from the same strata in the series, and 
hence they can best be discussed by classifying them into local groups, 
as follows : 

Carrizo group. Robertson County group. 
Frio group. Marshall group. 
Smithville group. 

Carrizo group.—There are about twenty-five flowing wells at Car- 
rizo Springs, Dimmit County, the depth of which is from 60 to 250 
feet. In boring these, alternations of clay and sandstone were passed 
through, the water being obtained from the sandstone. The flows 
were not measured, but apparently are not very strong. The quality 
of the water is good, but it is allowed to waste, practically no irri- 
gating being done. 

At Almus Ranch, owned by Joe Dickens, 4$ miles east from Carrizo 
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Springs, on the road to Encinal, there is a flowing well 200 feet deep. 
The water is found in coarse sandstone below a stratum of clay. The 
flow is good, clear, and free; it nas not been measured, but is small— 
sufficient to irrigate a very small garden patch. 

At Cotulla, 30 miles east of Carrizo, according to Mr. J. A. Taff, a 
well has been drilled to a depth of 825 feet by the International and 
Great Northern Railway Company. This well gives a flow of water 
sufficient for the needs of the railway company and the town. The 
water is impregnated by salts of magnesia and other material. 

The waters of the wells at Carrizo Springs and Cotulla are derived 
from beds known as the Carrizo sandstones of Owen, which, according 
to the observations of Mr. T. Wayland Vaughan, of this Survey, occur 
low in the Eocene series, just above the equivalent of the Wills Point 
(Midway) horizon. 

The catchment area is coextensive with the outcrop of the Carrizo 
sandstone, which forms a marginal strip of mesquite and cactus cov- 
ered land along the eastern border of the Cretaceous, just south of and 
parallel to the Southern Pacific Railway west of San Antonio to Uvalde 
County, and thence south to the Rio Grande, as shown on the map. 

Carrizo Springs seems to lie very near the western limit of the field, 
as the water-bearing beds terminate by outcrop north and northwest 
of that locality. 

Experiments in Zavalla County, around Batesville, which is situated 
in or near the outcrop of the water-bearing beds, show that this place 
lies inside of the area of possible flow from this system. Similar 
experiments in southern Uvalde County, 3 miles east of the Nueces, 
show that the strata are entirely missing there. 

We can not say that the series of wells above described, situated 
along a line 42 miles long, extending from Carrizo Springs to Cotulla, 
have their source in identically the same stratum, but it is very probable 
that they all come from closely allied beds which have an inclination to 
the south or east of south. Neither can the dip be correctly determined 
from this line of wells, for the true direction of dip is more southerly 
than this line, which crosses it diagonally. The strata deepen along 
this line, however, from 60 feet at Carrizo Springs to 825 feet at 
Cotulla, or an average of about 18 feet to the mile. If this dip is per- 
sistent the limit of possible success at 2,000 feet would be 40 miles or 
more southeast of Cotulla, which would reach as far east as Tilden, 
McMullen County, and thence on at a constantly increasing depth. 

Two small flowing wells are reported near Laredo, 100 miles south 
of Cotulla, at a depth of 170 feet, and have weak flows. These wells 
are found in strata lying above the probable position of the Carrizo 
sandstone, which is probably at a depth of nearly 1,000 feet at Laredo 
and barren of water. North of Laredo, at Cactus station, there is a 
shallow flowing well 170 feet deep. 
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A deep artesian well at Laredo was begun in the same belt of sand- 
stone that outcrops at the surface at Cotulla—not much over 100 feet 
thick—but according to Mr. Taff it had been put down to a depth of 
1,200 feet (June, 1891) without obtaining a flow of water. This shows 
that the water-bearing rock reached at Cotulla is not of continuous 
extent toward the Rio Grande, and experiments in areas lying in that 
direction should be made with caution. 

So far as exploited, the area of possible flow of these wells may be 
summarized as alimited region embracing the southeastern portion of 
Dimmit, Lasalle, and the western half of McMullen counties. To the 
northeast the system may merge into the one next to be described. 

To the south and southeast of Carrizo Springs, at elevations not 
higher than Carrizo Springs, artesian water should be obtained. The 
extent of the sands from which the water is derived is not known. 
They may change their character as the distance from the old shore 
line to seaward increases. 

Frio group.—tn eastern Frio and western Atascosa counties, 20 miles 
southwest from Pleasanton, several wells have been drilled to depths 
less than 350 feet which afford abundant flows of water, but it is said 
to be so sulphurous in some instances that stock will not drink it. 
These wells have their source in beds of the division of the Lower 
Eocene, and the sulphur they contain is no doubt derived from the 
abundance of pyrites which accompanies the lignite deposits in these 
beds. 

Smithville group.—At Smithville, Bastrop County, there is an arte- 
sian well about 480 feet deep with a weak flow, which obtains its water 
from the Lower Eocene sands. This passed through the following 
strata: First, 35 feet of light sand; then 10 or 15 feet of red clay; next, 
100 to 150 feet of soapstone mixed with shells; balance of depth, white 
clay and soapstone. The water is said to be excellent. There is no 
other well in the vicinity. 

Robertson County group.—In Milam, Robertson, Burleson, and Bra- 
zos counties, along the valley of Brazos River, there is a remarkably 
productive artesian area which probably derives water from the sandy 
Lower Eocene beds. 

The wells in this region are found along the east side of the Bra- 
zos Valley in Robertson, Brazos, and Anderson counties, at depths 
varying from 230 to 587 feet. This depth varies with the difference 
in the altitude of the points at which they are sunk relative to the 
stream way of the Brazos. This group is very extensive and is worthy 
of a special study and description. 

Experiments at Bremond (altitude 467 feet), 1,500 feet, and Frank- 
lin, 1,200 feet, indicate that the water from the beds which supply the 
valley wells will not rise on the high divide to the east of the Brazos 
Valley. 
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At Bremond a drill hole was likewise begun in strata geologically 
lower than the water-bearing beds of the Camden series, and pene- 
trated only 1,500 feet of the barren Upper Cretaceous beds which lay 
above the next or Woodbine water-bearing horizon. The eastern por- 
tion of the timber-belt region is greatly eroded into hills of consider- 
able height, and although future experiments and mapping (which is 
the foundation of all accurate artesian prognostication) may disprove 
this assertion, it is probable that flowing wells will be obtained only in 
the stream valleys of this region. This is shown in the Robertson 
County area, where the water is easily obtained in the river bottoms 
and for a certain distance up the slopes, but will not rise to the towns 
on the high divides inclosing the Brazos, as has been demonstrated by 
failures at Franklin and other places. 

This office possesses no data concerning artesian-well experiments in 
the extensive strip of Tertiary country lying between the Brazos and 
the Texas Pacific Railway. 

Marshall group.—Artesian wells have been procured from the 
Eocene sands at several localities in the northeastern portion of the 
State. 

At Marshall, Texas, the water supply for the town is obtained from 
twenty-eight flowing wells about 3 miles north of the city. The depths 
of the wells vary from 30 to 70 feet and the water rises 13 feet above 
the surface of the ground. The supply is 500,000 gallons daily. The 
water, which is chalybeate in quality, is pumped into town from the 
wells. The wells are situated in a creek valley and the water was 
found in a bed of gravel and sand. 

According to Mr. T. Wayland Vaughan, who obtained the foregoing 
data from Mr. William Waskom, the strata consist of alternations of 
sands and clays, or interlocking lenses of sand and clay. It is proba- 
ble that the wells are derived from sand beds which outerop to the 
northwest. 

Some time since an experiment was made for a deep well at Marshall 
by Mr. E. Sutphin, who bored to a depth of over 1,100 feet without 
obtaining flowing water. 

At Hawkins, in Wood County, which is situated in the valley of the 
Sabine, a flowing well is reported at a depth of 200 feet. At Jefferson, 
in Marion County, a well 802 feet deep has a feeble sulphur flow. At 
Minneola, also in Wood County, according to Mr. Marshall, the well 
driller, a well was bored to a depth of 1,600 feet. The water rose to 
within a few feet of the surface. 

Owing to the great erosion, by which the surface of the country 
underlain by these beds is cut into numerous hills north of the Brazos, 
it is not possible to say that artesian waters can be procured generally 
throughout the area of their extent and embed. Without accurate 
topographic maps it would be difficult to prognosticate the possible 
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areas of flow from this system, even if we possessed accurate geo- 
graphic knowledge. There are a few facts which can be given con- 
cerning unfavorable areas. 

There is little doubt that in the eastern half of the country under- 
lain by the Lower Eocene, local artesian flows can be secured if the 
wells are properly located. 

Wells will hardly be obtained along the western border of the 
timber region, as the basement beds of the Camden series are the 
impervious Wills Point clays, having a thickness of 200 feet or more, 
and below these are nearly 1,000 feet of Upper Cretaceous strata, 
mostly barren clays. The catchment area must lie east of this belt, 
and due allowance must be made for its width. Hence a general state- 
ment can be made that the western margin of the areal exposure of 
the Camden series along a belt 10 or 15 miles wide is unfavorable. 
Certain conspicuous failures testify to the truth of this statement, such 
as the experiments at Bastrop, where the drill probably began in strata 
of the Camden series lower than the water-bearing beds, and hence 
could have found water not less than 3,000 feet lower, from the same 
beds as those which supply Austin and Manor. 


\ 


ARTESIAN WELLS OF BLACK AND GRAND PRAIRIES. 


We have now arrived at the discussion of the system of wells found 
beneath the Black and Grand prairies and deriving their waters from 
the Cretaceous strata. The artesian-well systems of the interior mar- 
gin of the Rio Grande Plain and the Edwards Plateau have been 
recently made the subject of a special paper by Mr. T. Wayland 
Vaughan and the writer.’ The present paper will discuss only the 
region underlain by the Cretaceous formations north of the Colorailo, 


NOTES ON HISTORY AND OCCURRENCE OF ARTESIAN WELLS. 


Artesian development in the Black and Grand prairie regions of 
Texas is comparatively recent and its history can not be fully written. 
There has been great progress in the last few years. At numerous 
places copious flows of water have been obtained from wells drilled 
by the enterprise of citizens or communities. (See Pl. LXVIIT.) 
Five or six deep wells have been drilled for State institutions. Twenty 
years ago these were poorly watered districts, while now they abound 
in fine artesian wells which supply water in large quantities to cities 
and farms. 

Not many years ago a citizen of Fort Worth sunk a shallow artesian 
well for the purpose of obtaining water for stock. This was secured 
at a depth of about 300 feet. In a short time more wells were sunk 
tothe same water level. Asis generally the rule, the well drills stopped 


1Geology of portions of the Edwards Plateau and Rio Grande Plain, etc.: Eighteenth Ann. Rept. 
U.S. Geol. Survey, Part II, 1898, pp. 193-322. 
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at the first water reservoir penetrated, and several years passed before 
Fort Worth discovered that her water supply came from the upper- 
most of a series of artesian reservoirs. 

The purity of this artesian supply for domestic purposes, and its 
healthfulness, gave Fort Worth an enviable superiority. Rival cities 
were not slow to imitate her, and asa result of her success nearly 
every city and village in the Black and Grand prairie regions, and in 
fact throughout the State, made artesian experiments. Some of these 
were made in unfavorable localities and were failures; hundreds of 
others were successful, and to-day most of the important cities of the 
State, which before this artesian epoch were without sufficient water, 
have, if not an abundance for all purposes, at least a healthful supply 
for drinking. 

The area in Texas in which wells of this system are obtainable is 
larger than that of the average State and about equal to that of Kansas. 
To deal with such a vast field would be difficult were it not for the 
great uniformity of the geologic structure, upon which the whole 
artesian water supply is dependent. 

The flowing wells, which are more specifically described in later 
pages, vary in depth from 100 to 3,330 feet and are found at every 
interval between these extremes. They also vary in flow and in pres- 
sure, ranging from feeble streams of a gallon a minute to spouting 
wells of high pressure furnishing 1,000,000 gallons a day. 

From answers to inquiries sent out by this office in 1897, there 
were then 964 artesian wells in the Black and Grand prairie regions, of 
which 458 were flowing and 506 nonflowing. There are probably 100 
or more wells than are shown by these figures, from which no reports 
were received. The number and character of these wells, by counties, 
are as follows: 
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List of flowing and nonflowing artesian wells reported from the various counties of the Black 
and Grand prairie regions of Texas in 1897. 


County. Flowing. | Nonflowing.| County. Flowing. | Nonflowing. 
Bele ete eee toes | 41 DW Wes —coosconnecices 4 12 
IBOSGUC wre se cigcios ae | 44. 32 Johnsoneeeeeesreee 10 29 
IBRO WIN 635 ae seeaeeo a pease 12 Kanan anal se ee 0 8 
BUI ei eee ese 3 12 Ikamanie ee eee 0 2 
@ollimaseease ses oes 1 9 [eampasasee sees soe 0 7 
@omanches==22----- 1 16 MeKennangesseeee= 27 8 
Cooker oF aso 10 2a (WV ane eee 2 2 
Coryell skeet: 24 D7 a | oMalllatas ere ye eae 0 10 
Wir See casworee 60 | eM) NENA coobeeoeses Boy eee cree 
Mentomece se eaciaca oe 43 a30 | Parker eee sec eee 12 16 
JOHN ee eee eee eee 22 de Redeye reese 0 2 
Rirat hbase seceec eae 2 | 25 || Somervell ......--- 80 0 
Halll see ete ais ar Tee Sete nits || We ye ssoséooe b25 “7d 
Ienai cba s Shee se eeee lsoosaeee BG Pravia Soke. 9 11 
Gray sonmess—se ee 10 16 Williamson ......-- 7 13 
fama Gomes eee 2 20 VW SC arty cep Sener ats 1 1 
Hill...--..--------- 5 1A otal se" 458 506 
WTOOd sso aeene ce 2, 
Unb c yas ose ae TS I en ars ae aes 

aOr more. b About. 


ARTESIAN SYSTEMS.1 


Before giving the details of occurrence concerning the wells them- 
selves it will be appropriate to discuss a little more fully the systems 
of strata which supply them. 

The procurement of artesian wells in the Biack and Grand prairie 
regions is dependent upon the geologic structure. The artesian wells 
of the Black and Grand prairies are all derived from the strata of the 
Cretaceous formations, which are fully described in Part III. The 
reader who has followed the descriptions of the stratigraphy of the 
Cretaceous formations given in Part IT] will have acquired a knowledge 
of all the geologic conditions influencing the artesian-water supply. 

Tn discussing the artesian reservoirs the lithologic character, poros- 
ity, water capacity, thickness, and extent of each rock sheet, together 
with details of its outcrop, embed, and the nature of the retaining or 
overlying and underlying strata must be considered. The inclination 
of the stratum and its depth beneath all known points must also be 
considered. In the geologic portion of this report the lithologic 


1See Pls. LX VIII, LXIX, LXX, LXXI. 
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character, details of outcrop, extent of embed, and inclination of the 
rock sheets have been discussed in detail. Further remarks concern- 
ing the rock sheets will relate solely to their capacity as retainers and 
distributers of underground waters, and their availability for artesian 
wells. 

In order fully to determine the availability of these artesian reser- 
voirs it is necessary to understand the simple stratigraphic arrange- 
ment and areal and underground distribution of the rock sheets com- 
posing the reservoirs, as set forth in the maps, text, and cross section 
profiles accompanying this paper. (See Pls. LXVI-LXXI.) These 
maps and cross sections are made with such detail that they will serve 
every purpose of the intelligent engineer or geologist in solving all 
practical questions, and the following pages are written for the benefit 
of those who are not familiar with practical geologic questions. 


CAPACITY OF THE VARIOUS CRETACEOUS ROCK SHEETS FOR WATER. 


The composition, texture, sequence, and arrangement of the rock 
sheets constituting the systems of underground waterworks in the 
region discussed having been described, the part that each particular 
stratum plays in the distribution of water may now be considered. 

Of the numerous beds mentioned, all those composed of impervious 
material, such as clays and close-textured limestones, may be consid- 
ered as nonwater bearing, and their function in the artesian systems is 
that of control, not of supply, since they merely serve to retain the 
water in the water-bearing beds. In this list may be included most 
of the Glen Rose formation and the formations of the Edwards diyi- 
sion (although there are exceptions to this rule, as will be shown), all 
the formations of the Washita division (with the possible exception of 
the Pawpaw), the Eagle Ford, Austin, and Taylor formations of the 
Upper Cretaceous, and most of the Navarro formation. 

Rocks of open texture, such as sands, conglomerates, porous chalky 
limestones, and massive rocks shattered by joints, fissures, honey- 
combs, or other openings, are usually water bearing. In this class of 
porous water-bearing rocks may be placed one or more beds of the 
Basement (Trinity) sands, certain beds of the Glen Rose formation, 
the Paluxy sand, a portion of the Fredericksburg division south of 
the Leon, the Pawpaw formation, the Woodbine formation, and the 
Corsicana beds of the Navarro formation. 

The Cretaceous strata may in a general way be classified by their 
permeability and conductivity into two groups, as follows: 
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Z Permeability and conductivity of the Cretaceous strata. 
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The strata above mentioned may be classified by their capacity for 
water into two groups, one of which may be termed ‘* water bearing” 
and the other ‘‘nonwater bearing,” as shown below: 


Water-bearing and nonwater-bearing Cretaceous strata. 


Water-bearing strata. | Retaining or nonwater-bearing strata. 


8. Corsicana sands of the Navarro | 
beds. 


. Taylor marls. 
Austin chalk. 
Eagle Ford clays. 


6. Woodbine and Denison beds, in 


part. 
5. Washita division, including the Denison 
beds, Fort Worth limestone, Duck 
| Creek chalk, Kiamitia clays. 
4. Beds in the Edwards formation. | 4. Fredericksburg division, including the 
Edwards limestone and the Walnut 
| o . 
| formation. 
3. Paluxy. | 
~2. Portions of the Glen Rose beds. 2.. Portions of the Glen Rose beds. 


1. Trinity. 
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Of the water-bearing strata or artesian reservoirs above mentioned, 
the Corsicana sands, which occur along the eastern border of the Black 
Prairie, can not be seriously considered in the discussion of the prairie 
region, for little is known as to their water-bearing capacity, and the 
wells penetrating them within the Black Prairie region are nonartesian. 
Omitting these sands from consideration, there are four water-bearing 
formations in the section, separated by impervious layers, each of 
which constitutes an artesian system. Each of these formations may 
contain several distinct beds of water-bearing sand, or artesian reser- 
voirs, which are numbered from below upward. Thus the various 
reservoirs of the Trinity system are numbered t', t’, t*®, etc., in 
ascending series. The artesian reservoirs are as follows (see fig. 47): 


Artesian reservoirs, or water-bearing formations, of the Black and Grand prairies. 


Reservoir. Formation. Symbol. 
= 4 sets I Ps 
Woodbinemsss9-—-ee Woodbine and Pawpaw---.------------ AEX KONTO: 

Fredericksburg - - - -- Horizons in the Fredericksburg divi- | f. 
sion south of the Brazos. | 
GlenuRoseee eee Horizons of the Glen Rose beds - ..---- \teorm: 
| 
at Z ; | ; 
Trinityeeeccao sees Several sand strata in the Basement beds | t?, t?, °t. 


of the Trinity division. 


These reservoirs and groups of reservoirs are separated from one 
another by impervious clays and limestones. The several beds of 
the Trinity sands are separated from one another by limestones 
and marls, which increase in thickness to the coastward (see dis- 
cussion of the increment of the Glen Rose beds, pp. 381-382). The 
Paluxy system is likewise separated from the Trinity system by 
an increasing thickness of the Glen Rose formation. Between the 
Paluxy and the Woodbine systems is the great thickness of limestones 
and marls described in the geologic portion of this report under the 
heads of the Fredericksburg and Washita divisions. The various 
water-bearing horizons of the Woodbine system are separated from 
one another principally by bituminous clays, although a thin lime- 
stone formation lies between x! and x*. Above the Woodbine sys- 
tem there are over 2,500 feet of barren strata, including about 500 
feet of bituminous clays (the Eagle Ford formation), 1,400 feet of 
marly clays called ‘‘joint clays,” and 500 feet of chalk (the Austin 
chalk). 

Each of these water-bearing strata outcrops to the westward ina 
characteristic area, and its embed is concealed to the eastward beneath 
overlying beds, so that the contained water is transmitted under 
hydrostatic pressure to lower depths in the latter direction. 
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Each water-bearing stratum differs from the others in thickness, 
extent, and capacity for imbibing and transmitting waters; also in 
chemical composition of the water which it supplies. 

Each water-bearing stratum ultimately increases or decreases in 
thickness in some given direction, resulting in variation in the water- 
supplying capacity. These variations are indicated in the general 
sections, profiles, maps, and geologic descriptions. 


AVAILABILITY OF UNDERGROUND WATER RESERVOIRS OF BLACK AND GRAND PRAIRIES. 
In seeking information concerning the possibility of procuring arte- 
sian water beneath any locality within the area under discussion three 


essential points must be deter- 
mined: (1) Whether one or more 


artesian reservoirs are embedded FEET i 
: % 100 2555555022=4 Terrell or Navarro reser 
beneath the locality ; (2) the depth or: 
of the embedded reservoir; (3) the 50 
altitude to which the water under % 
. 5 . fe) 
hydrostatic pressure will risewhen #8 | © 
. 4 
these reservoirs are penet cateda 9 
These inquiries will be answered °& ; ; 
(pet I ns coste ere ereoen Corsicana oil. 
separately. ae 
. . eo . fal 
The determination of the exis- ° 
tence of an available reservoir must 
be made from geologic data. The xB 
ye p . Koss, 
position of the formation at the x3. jes reservoirs. 
. . . Xe. 
surface in the geologic series can xe" 
be ascertained in a general way ¢| ¢ Fredericksburg reservoirs 
3 luxy reservoirs. 
from the map. Bene = ve aes 
a 5 thom \esedsseAsds sce tlen Rose reservoirs. 
The depth of a water reservoir & 
at any locality is that of the depth 5 
: a=] 
of the embed of the water-bearing 
: Eales 
stratum, and hence a determina- 9| f~-{—_] 


} Trinity reservoirs. 


tion of the latter will give the depth ee 
of the former. From typical cross BS i cpu ag eee cae ne 
sections and profiles of the Black 

and Grand prairie regions as given, which extend from the interior 
coastward, it will be seen that the strata incline coastward with 
remarkable uniformity, although there are certain minor variations 
which are elsewhere noted. Furthermore, it is to be observed that 
the topographic profiles also slope coastward in the direction of the 
inclination of the strata, but at a slighter angle to the horizon. 
Since the strata incline eastward more rapidly than the surface 
slopes, they get correspondingly deeper and deeper into the earth 
in that direction. Not only do these rock sheets become deeper and 
deeper eastward, but they are successively covered in that direction 
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by higher rock sheets, which must be drilled through to reach any 
given bed. Conversely, the depth of any rock sheet in the series 
decreases westward until it outcrops at the surface. 

This structure, whereby the water-bearing strata incline coastward at 
an angle only slightly greater than that of the topographic slope, fur- 
nishes, as already explained (p. 376), ideal conditions for transmission 
and storage of artesian water beneath large areas. 

There are two methods by which the depth of an artesian reservoir 
beneath any locality can be ascertained. The first is based upon the 
dip of the strata; the second consists in computing the thickness of 
the overlying formations by adding together the known thicknesses 
of their outcrop. 

In order to approximate the depth of any artesian reservoir by the 
first method it is desirable to know (1) the rate of dip of the stratum 
in feet per mile, (2) the distance of the locality from the catchment 
area along the line of dip, and (3) the difference in altitude between 
the locality and the catchment area. The altitude of much of the area 
may be ascertained from the topographic sheets of the United States 
Geological Survey. <A list of altitudes in the various counties is ap- 
pended to this report. 


Formula for ascertaining depth (x) of a reservoir beneath any locality. 


D = distance from outcrop in miles. 

d = dip of reservoir stratum in feet per mile. 

A = altitude of nearest portion of catchment area. 

a = altitude of surface at locality where well is desired. 
X = depth of embedded reservoir beneath a. 

x = Dd — (A—a). 


Multiply 2, the distance (in miles) of the locality from the outerop 
of the reservoir stratum by d, the rate of dip (in feet per mile) of the 
latter, and from the result subtract the difference in altitude (in feet). 

if A is higher in altitude than a, the water will usually flow at the 
surface. If @ is higher in altitude than A, the water will rise only to 
approximately the altitude of A, and the well will not flow. 

In using this formula it must be remembered that the dips vary 
slightly in the different profiles and sections and in different portions 
of each profile section. Hence the table of dips given on page 379 of 
the geologic portion of this report should be consulted. Furthermore, 
in profiles A, G, H, and J, Pl. LX VII, the continuity of the dips is 
broken by faults, and the downthrow of these must be considered. 

The second method of ascertaining the depth of the artesian reser- 
voirs, by a knowledge of the geologic horizon of the formation at the 
outcrop, may be explained as follows: The observer, having deter- 
mined the geologic horizon of the locality by means of the fossils or 
the character of the formation, as explained in the geologic portion of 
this report, or by aid of the geologic maps and profile sections, will be 


HILL. ] APPROXIMATE DEPTHS OF RESERVOIRS. 493 


able to ascertain, by reading the descriptions of tbe formations, the 
approximate thickness of the various rock sheets which lie between 
the surface and the artesian reservoir. ‘These thicknesses vary in 
accordance with laws elsewhere explained, and it would be well for the 
observer to utilize in these computations the cross section nearest to 
his locality, as given on Pl. LXIX. 

The following tables show the approximate depths of the various 
reservoirs: 


Approximate depth in the Main Texas area of the available reservoirs beneath each belt of 


outcrop as shown on the geologic map, reckoning from the top of the formation. 


Reservoir. 


Outeropping formation. | ee | | 


Navarro. | Woodbine. | Paluxy. | Basal Trin- 
on bee ee 
Feet. Feet. | Feet. Feet. 

NGNETROSusedessadecueesSnee oes 200 2, 600 3, 000 4,000 
RAT OL so G5 Sa eeoce sa Sa Spee eee (atcha es rer 2, 000 2,000 | 3, 000 
Jb jatihiegan Tee os a aa ae a a lesa ace 3 1, 000 1,500 | 2,300 
agleshondee se trerter se eioe ciate wist- So asa |e. ena oe 500 1, 000 | 1, 900 
Wioodlbinesee seem eee seer ee eine 100 500 | 1, 600 
Denisonep ere een Neen eee (aiaee gar rere pee OOO ME ern. 
RO TURVORUI epee eee | cette eRe CR Res ramteaatb 300 | 1, 400 
FET GLC eT Se aes were he eee nl eer 200 | 1, 200 
\V GUIDE, So CoRR AAR SMe nae ee eae Vxepapatee Sn Ay elem ds) 100 500 
IPRS S 3 ease Mo pone SEU a SO ere eee re amen Riaea reste aadiaete| |S oat oneness cap eee | 400 
GiGi IN@SOs 6s seeShose see Soe Se ee ee CN el (eee ese yea eae Dee i | 300 
Nala N7oeee Soda cooeb bot Te oot AEE ee eee eet ae ee eee | 0 


By examining the profiles and maps it will be seen that drill holes 
sunk along the line of any section in the various belts of outcrop of 
the formation of the Western Cross Timbers, the Grand Prairie, the 
Eastern Cross Timbers, the Eagle Ford Prairie, the White Rock or 
Austin chalk belt, and the Grand and Black prairies, must penetrate 
greater and greater thicknesses of rock strata eastward in order to reach 
any particular underlying artesian reservoir. 

Beginning at the western margin of the Western Cross Timbers, it 
will be observed that here the strata of the lowest reservoir—the 
Trinity—outcrop and that ordinary surface wells derive their waters 
therefrom; therefore a well drilled west of this locality could not pos- 
sibly obtain water from any of the reservoirs of the coastward incline, 
for they are not embedded in that direction. 

By proceeding eastward along any of the profiles it will be seen that 
a well sunk in the Glen Rose Prairie must go through a thickness of 
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Glen Rose formation before reaching the Basement reservoir. A drill 
hole farther east, on the outcrop of the Edwards limestone, must go 
a depth equivalent to the additional thickness of the formations of the 
Fredericksburg division. Wells sunk in the belts of country where 
the formations of the Washita division outcrop will have to go a depth 
equivalent to the thickness of the rocks of that division and those 
previously mentioned in order to reach the Basement sands. This 
constant addition of geologic formations to be encountered eastward 
continues until at the extreme eastern margin of the main Black 
Prairie a drill hole at such points as Greenville, Terrell, Kaufman, 
Corsicana, Thorndale, Marlin, and Manor would be obliged to pene- 
trate the entire sequence of Cretaceous formations in order to reach 
the bottom or basement reservoir (t’). 

This idea may be further illustrated along the line of profiles EE, 
Pl. LXVII, as follows: At Glen Rose, situated near the base of the 
Glen Rose formation, the well drills penetrated only a few feet of the 
later formation in order to reach the basement reservoir. At, Hills- 
boro, on the Austin chalk belt, 38 miles to the east, the drills had to 
penetrate the entire thickness of the Eagle Ford, Woodbine, Denison, 
Fort Worth, Edwards, Walnut, and Paluxy formations and nearly 400 
feet of the Glen Rose formation, a distance of over 1,500 feet, before 
reaching the strata outcropping at the surface at Glen Rose. At 
Hubbard, 25 miles east of Hillsboro, situated on the Taylor belt, the 
drill had to penetrate a great thickness of the Taylor marls and 
Austin chalk before reaching the strata which outcrop at Hillsboro, 
all the strata passed through at Hillsboro before reaching the horizon 
outcropping at Glen Rose, and all the strata below Glen Rose before 
reaching the Basement reservoir (t’). 

Thus it will be seen that while a drill on the western edge would 
begin in the Basement sands, which are there at the surface, on the 
eastern margin of the Black Prairie the drill must penetrate the entire 
thickness of the two Cretaceous formations to reach the same sands, 
or between 3,500 and 4,000 feet, as at Terrell, Greenville, Corsicana, 
Marlin, and Thorndale. 

The manner in which the depth of an artesian reservoir can be approx- 
imately prognosticated by a knowledge of the horizon of the geologic 
formation outcropping at the surface at the locality where the well 
is desired may be illustrated as follows: 

In the region where the Glen Rose beds compose the surface the 
upper Trinity reservoir is not over 500 feet deep, the maximum thick- 
ness of the Glen Rose formation; where the rocks of the Fredericks- 
burg division occupy the surface the Paluxy reservoir is from 0 to 
300 feet deep, and the basal Trinity reservoirs are from 500 to 1,000 
feet deep; where the Fort Worth beds oceupy the surface the depth 
of the Basement flow is from 1,000 to 1,500 feet; on the outcrop of the 
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Woodbine formation this depth is in the neighborhood of 1,500 feet; 
on that of the Eagle Ford, from 1,500 to 1,800 feet; and along the line 
of outcrop of the Dallas chalk, from 1,600 to 2,000 feet. 

By a study of the maps and profiles it will be seen that all of that 
portion of the Black Prairie country east of the Eastern Cross Timbers 
and between Brazos and Red rivers is underlain by the entire set of 
strata constituting the artesian reservoirs, although some of them may 
be practically unavailable through great depth. South of the Brazos 
(as seen in the profiles) the Woodbine reservoir ceases by thinning out, 
and the Paluxy reservoir practically ceases. In the northern or Red 
River districts all the Trinity and Paluxy reservoirs are united and 
shown as one in the sections. 

Beneath the Gainesville and Fort Worth belts of the Grand Prairie 
the Paluxy and Trinity reservoirs only are available, for the Wood- 
bine reservoir does not occur in this region, having been stripped 
away in past time by erosion. 

The summit region of the Lampasas Cut Plain is completely under- 
lain by the reservoirs of the Trinity system and partially by the 
Paluxy reservoir, which extends as far south as the Leon. : 


TRINITY RESERVOIRS. 


The Trinity reservoirs (see Pl. LXIX) include all the beds of sand 
of the Trinity division below the Paluxy formation. In places this is 
a single stratum of sand, while elsewhere, as shown in the geologic 
description, it is a group of sand strata separated by impervious beds. 
For the present we shall discuss this group of reservoirs as a unit. 

The Trinity sands are the most extensive and porous water-bearing 
of the Central Province, and are everywhere available as the supply 
for either surface or artesian wells. In the main these are clean, white, 
fine-grained quartz sands, pressed compactly together, and popularly 
known as pack sand. This is a sandstone in which the individual 
grains are so slightly cemented that the material is but poorly consoli- 
dated—not sufficiently so to be used for building stone, and yet it 
requires a slight blow from a pick or shovel to cut it. This lack of 
consolidation testifies to the purity of these sands and to their freedom 
from accessory mineral materials, such as lime and iron, which occur 
in comparatively small proportions. As a result of this loose texture 
these sands are remarkably well adapted to the imbibition and trans- 
mission of water. 

When dry these sands absorb water freely. By experimenting with 
sand collected from this bed at a number of localities, it has been shown 
that a cubic yard will absorb 80 gallons of water. It has been roughly 
estimated that the Trinity artesian reservoir contains approximately 
531,300 tons of water. Of course these estimates can not be more than 
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crude approximations, but they will give some idea of the vast amount 
of water in this one underground reservoir. 

The Trinity sands supply the purest, softest, and most abundant 
waters of the artesian system. Water falling upon their outcrop and 
brought to them by running rivers and creeks enters them readily and 
becomes available as a source of artesian supply. 

The outcrop (or catchment area) occurs along the narrow belts of 
the Western Cross Timbers, as shown on Pls. LX VI, LXTLX, and LXX. 
It so borders the entire province as to afford catchment for all the 
embed. In addition to the above general catchment area, there are a 
few outcrops within the incised valleys of the main area of the Grand 
Prairie, as described on page 198. This catchment area of the water- 
bearing Trinity division (Trinity sands and alternating beds) makes the 
surface of vast areas in southern Indian Territory, and in Montague, 
Wise, Parker, Hood, Erath, Somervell, Comanche, Brown, Mills, Lam- 
pasas, and Burnet counties north of the Colorado in Texas. From the 
line of exposure or outcrop this water-bearing bed of sand becomes 
embedded by dip beneath the whole area of the Black and Grand 
prairies and the Eastern Cross Timbers. 

The embedded Trinity reservoirs underlie the entire area of the Cen- 
tral Province coastward of the western escarpment, with the exception 
of the few exposed areas in the incised valleys of the Leon, Paluxy, 
and other streams, as above noted, and at Lampasas, forming one or 
more sheets of water-saturated sands, which are available for artesian 
supply at depths varying from less than 100 feet near the interior 
border to 4,000 feet, more or less, at the eastern edge of the Black 
Prairie, as is more minutely discussed in the chapter on availability 
(pp. 421 et seq.). 

The embed of the Trinity sands presents two peculiar features which 
are of importance in the consideration of the artesian-water problem. 
The first of these is that the Basement Trinity sands have a greater 
inclination than the other rocks of the Cretaceous system, and practi- 
cally its general dip is diagonal to them, as fully set forth on pages 
379-882 of this report. The second peculiarity is that these sands 
differentiate to the coastward in their embedded area into two or more 
well-defined sheets of arenaceous water-bearing strata, separated by 
impervious limestones and clays. These various water-bearing reser- 
voirs have been designated in this report by the symbols t’, t’, t®, ete., 
t' representing the lowest or basement beds and the others the higher 
formations in sequence. Inasmuch as these secondary strata do not 
outcrop at the surface and are ascertainable only through study of the 
artesian-well records, in instances where the latter are deficient their 
differentiation is not always clear or possible. 

In the section illustrating the Weatherford well (see Pl. XTX, A) 
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it will be seen that there are at least three or more of these lower-lying 
water-bearing sand strata in the Trinity division. In the Comanche 
Peak section (fig. 12) there are two conspicuous water-bearing sand 
strata. In the Waco well sections three or four of these sandy strata 
have been struck, having a thickness of 15, 20, and 28 feet, respec- 
tively. In the Colorado section there are at least two conspicuous 
Trinity reservoirs, besides numerous smaller beds. In the San Marcos 
section there are two conspicuous sandy beds and perhaps more, for 
the drill hole ceased before reaching the bottom of the series. 

The thickness of the outcrop of the Trinity sand varies from nearly 
125 feet at its southern end to about 200 feet or more on Red River. 
A low estimate of the average thickness of the sand at its outcrop is 
150 feet. The thickness of the beds which become differentiated in 
the region of the embed is difficult to ascertain, but it may be esti- 
mated that the main basement sand, t', maintains a thickness of 100 
feet or more, while from well records t’ and t* are much thinner, 
varying from 15 to 40 feet. 

Retaining beds.—The Basement sands (t') rest upon an impervious 
floor of Paleozoic rocks, as described in the geologic portion of this 
report. They are overlain by calcareous clays and limestones. In 
many of the deep wells a red clay, called kiel by the drillers and 
similar to that found in the outcrop of the Travis Peak formation as 
described on page 140, is found above the Basement sands (t'). The 
beds t? and t* are included between limestones and blue clays denoted 
in the various sections by r'. 

To appreciate and understand the artesian possibilities of the Trinity 
reservoir it is fundamentally essential to study and understand the 
geologic sections of the Trinity division already given, as a whole, 
and the data concerning artesian wells to be presented later. 

Areas of obtainable flow from the Trinity reservoirs.—While the 
Trinity reservoirs underlie all of the East-Central Province, flowing 
artesian wells can be obtained from them only within certain well- 
defined areas, principally in the Main Texas area. These, with few 
exceptions, are below 750 feet in altitude, and it is safe to say that no 
flowing wells are apt to be secured at any point having a greater 
altitude. 

The area of available flow from the waters of the Trinity sands (t*, 
t?, and t*) is shown on the map (Pl. LVI). It embraces all those 
counties or portions of counties south of the Preston fault of the Red 
River fault zone and east of an irregular line drawn through Gaines- 
ville, Stringtown, Bluffdale, Iredell, Busyton, Pidcoke, and Kempner, 
and east of the Balcones fault from Georgetown to Austin. 

The area of availability begins on the west in the beds of the deeply 
incised streams of the Grand Prairie and Lampasas Cut Plain and 
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gradually widens as those streams are descended until it finally extends 
across the divides between the streams, east of which places flowing 
wells are available in both uplands and valleys. 

The line which separates the area where flowing wells can be 
obtained only in the valleys from the area where they can be obtained 
both upon the uplands and in the valleys is an important one, as it 
divides the whole region of available flow into two broad districts. 
The first of these, on the west, may be termed the district of shallow 
valley wells; the other, the eastern district of deep wells. The line 
of separation, which is practically the 750-foot contour line on the 
maps, runs irregularly southward from Gainesville through the cen- 
tral portion of the counties of Cooke, Tarrant, Johnson, Hill, McLen- 
nan, Bell, Williamson, and Travis. 

In both districts, in accordance with the laws of the dip of the strata, 
previously explained, the Trinity artesian reservoirs become more 
deeply imbedded from west to east. The flowing wells of the western 
district, being nearer the catchment area, are shallower than those of 
the eastern district, the former ranging from 100 to 1,000 feet deep 
and the latter from 1,000 to 3,000. Hence the western district may 
be considered one of relatively shallow flowing wells, and the eastern 
district one of deep flowing wells. 

A composite section of a line of wells from Bluffdale, Erath County, 
through Glen Rose, Kimball, and Waco to Marlin, will iilustrate the 
stratigraphic character and constantly increasing depth of these wells 
to the eastward. The geologic structure is also illustrated in the pro- 
file sections E E and F F of Pl. LXVII. 

Areas of shallow flowing wells in incised valleys of Lampasas Cut 
Plain.—Artesian flows can not be obtained within the area of the out- 
crop of the Trinity sands along the western border belt. Abundant 
nonflowing wells, however, are usually obtainable everywhere 
throughout the catchment area of the western border region at shal- 
low depths, and if these are large and deep enough they can probably 
be used for garden irrigation. The southeastern part of the town of 
Comanche is situated in these sands and the abundant well water of 
that place is derived from them. Flowing wells are obtainable, how- 
ever, very near the western border in the valleys of the incised streams 
of the Grand Prairie and Lampasas Cut Plain. 

As outlined on the map, long, finger-like strips of available areas 
of flowing wells extend westward from the main area of the Black 
Prairie region up the incised creek and river valleys of the Lampasas 
Cut Plain and Grand Prairie, in general, until the creek or river bed 
approximates an elevation equal to that of the lowest altitude of the 
western outcrop of the Basement sands. These incised creek and river 
valleys of the Lampasas Cut Plain and Grand Prairie constitute small 
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individual areas where shallow-flowing wells may be obtained from the 
Trinity reservior. 

In all of these valleys the nearer the well is located to the source of 
the streams inside the flowing area the shallower will the wells be re- 
quired to be drilled. Furthermore, the areas of available flow widen 
downstream, gradually passing up the valley slopes until they coa- 
lesce with one another near the western margin of the Black Prairie. 

The principal of these areas south of Brazos River are in the val- 
leys of Paluxy Creek in Somervell and Hood counties; Neils, 
Meridian, and Spring creeks and East Bosque River in Bosque 
County; Salado, Lampasas, and Leon rivers in Coryell and Hamilton 
counties, and the Brushy and San Gabriel in Williamson County. 

Passing northward to the numerous drainage heads of the Trinity 
River system which ramify throughout that portion of the Grand 
Prairie between the Brazos and the Trinity, shallow wells are found 
in the valley of Walnut Creek in northeastern Parker County; along 
Denton Creek in western Denton County; and in the valleys of Clear 
Fork and Big Elm Fork in southern Cooke County. 

In that portion of the Brazos Valley lying in the western district, 
artesian flows have been obtained from a point about 10 miles due 
southeast of Granbury, where three Trinity flows (t*, t’, and t') were 
struck at 190, 210, and 235 feet, respectively, at the border of the 
eastern district near Fort Graham. 

The Paluxy Valley in Somervell, Hood, and Erath counties, below 
the junction of North and South Paluxy creeks, is an area of numer- 
ous shallow artesian wells. From Morgan’s mill, Erath County, to 4 
miles west of Glen Rose, Paluxy Creek has cut through the Glen 
Rose limestone and flows over the Trinity sands. Flowing wells are 
obtained everywhere along the Paluxy from Bluffdale, Erath County, 
to its mouth. Many of the flowing wells in this valley begin in the 
second reservoir of the Trinity sands (t”) and obtain their flow from 
the Basement sands (t’). Such are the wells at Bluffdale and Paluxy 
and along the creek valley above and below Paluxy which obtain their 
waters from the Basement sands (t'). There are thin beds of clay and 
limestone (r’), which are of considerable extent and separate the 
reservoirs t' and t®. Wells begun in the Trinity sand (t*) here pene- 
trate these clay beds into t' at depths near 100 feet, receiving a small 
flow of water. Lower down the river, 4 miles west of Glen Rose, 
supplies are obtained in the Paluxy Valley from both of these reser- 
voirs. At and near Glen Rose there are at least three reservoirs in 
the Trinity system, at depths of 40 feet (t*), 70 feet (t?), and 170 feet 
(t'). Wells are very numerous in this locality, as more fully described 
under the head of Somervell County. 

Artesian wells below the outcrop of the lower Glen Rose limestone 
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Fic. 48.—Section of Johnsons Peak and 
artesian well, Iredell, Bosque County, 
Texas. (Forsymbois see Pl. XVI.) 
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(r’) in the bed of Paluxy Creek, 4 miles 
west of Glen Rose, receive flowing water 
from the t’ sand that crops out at the 
surface about Paluxy post-office. These 
wells receive greater volumes of water 
than those at Paluxy and Glen Rose 
drilled down to t’. 

Beginning near the mouth of Walnut 
Creek, southeast of Granbury, shallow 
flowing wells may be had along the 
immediate valley of Brazos River to the 
northwest corner of Hill County at 
depths varying from 100 feet at the 
former locality to nearly 300 feet at the 
latter. 

Flowing wells in valleys of Bosque 
River between Duffau and Valley Mills.— 
In the tributaries mentioned flows’ will 
hardly be obtained less than 600 feet 
deep. In the immediate valleys of these 
creeks 6 to 10 miles above their mouths 
the Paluxy artesian reservoir will also be 
found, the first at a depth of 100 to 300 
feet. 

Flowing wells with water from the 
Basement sands (t') can be had in the 
valley of East Bosque River and of 
Duffau Creek below the north line of 
Bosque County at depths ranging from 
300 to 450 feet. The top of the Glen 
Rose limestone at the border of the 
valley opposite the mouth of Dutfau 
Creek is 400 feet above the Trinity arte- 
sian reservoir. 

A powerful flow is obtained in Iredell 
(see fig. 48) from the Basement sands (t’) 
at a depth of 375 feet; t* and t° are 
struck at 180 and 280 feet, respectively. 
Flowing wells are possible along the 
river valley from the mouth of Greens 
Creek to Iredell at depths varying from 
150 feet at the former to 875 feet at 
the latter locality. From Iredell east- 
ward to the Bosque Valley the wells 
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increase in depth at an average rate of an additional 10 feet for every 
mile of distance. At Meridian, 13 miles below Iredell, the Paluxy 
reservoir is encountered at 195 feet, t® at 200 feet, and t' at 500 feet; 
at Clifton, 10 miles below Meridian, the Paluxy reservoir is encoun- 
tered at 140 feet, t? at 650, and t’ at 675 feet; about 10 miles southeast 
of Clifton, 5 miles north of Valley Mills, the Paluxy water was esti- 
mated at 400 feet and t® at 540 feet. 

The area of artesian flow of Leon River extends down the valley 
from a point east of the town of Hamilton to Pecan Grove. At the 
first-mentioned point on Leon River the Basement sands will be pene- 
trated at a depth of a few hundred feet. The depth at which the flow 
can be obtained will increase along the immediate streamway as the 
valley is descended and with the ascent of the valley slopes toward the 
divides of the artesian area. 

Ata point about 3 miles north of Hamilton, in the immediate valley 
of the Leon, flowing water was procured at adepth of 100 feet; at Busy- 
ton, about 5 miles southeast, this water was obtained at 156 feet; at 
Gatesville, 20 miles below Busyton, the three reservoirs of the Trinity 
sands were tapped at the depths of 150 (t*), 400 (t®), and 700 (t') feet, 
respectively. At Pecan Grove, 11 miles below Gatesville, flows were 
reached at 275 (t*), 300 (€*), 416 (t’), and 590 (t') feet. The reservoir 
t‘ in the foregoing wells may be the Paluxy. 

Excellent flowing wells are obtained in the valley of Steels Creek 
near Morgan from the Trinity reservoirs, at depths of 425, 550, and 
600 feet, and are possible from Morgan to where the creek flows into 
the Brazos. 

Flowing wells are obtainable along the valley of the Lampasas from 
the town of Kempner, near the southwest corner of Lampasas County, 
to the borders of the eastern district near Belton. These wells mostly 
begin in the Glen Rose formation and penetrate two or three reservoirs 
of Trinity water, t', t’, and t®. At Kempner t' and t’ reservoirs are 50 
and 150 feet in depth, respectively, or 100 feet apart; 5 miles south- 
east of Kempner t’ and t® are struck at 73 and 111 feet, 38 feet apart; 
at Maxdale three flows are struck, at 90 (t*), 140 (t°), and 160 (t') feet; 
a few miles east of Maxdale three flows are struck, at about 230, 360, 
and 410 feet. ; 

Flowing artesian wells are obtainable from the Trinity reservoirs in 
the valleys of the Cowhouse from 3 or 4 miles west of Pidcoke to where 
this stream joins the Leon in Bell County. These wells vary in depth 
from 100 to 250 feet at Pidcoke. Flows are reported in the latter 
Vicinity at depths of 100 (t*), 124 (t”), and 250 (t’) feet. 

Wells are obtainable for short distances up the valleys of San 
Gabriel and Brushy creeks west of a line drawn between Round Rock 
and Georgetown, Williamson County. 
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North of Brazos River wells are obtained in the valleys of the 
Clear and West forks of Trinity River, and of their principal tribu- 
taries, Bear Creek, South Fork of Trinity River, and Marys, Silver, 
and Walnut creeks. These are areas of shallow artesian wells, the 
value of which has not been appreciated. ' 

Walnut Creek Valley, in northeastern Parker County, presents arte- 
sian conditions similar to those of Paluxy Creek Valley. The wells of 
Walnut Creek Valley occur between Springtown and Azle post-offices 
at depths of 45 to 279 feet. Three reservoirs are struck near Azle at 
40 (t”), 180 (t”), and 279 (t') feet. Springtown, situated on the Trinity 
sand in Walnut Creek Valley, receives flowing water from beneath 
thin impervious strata near the middle of the Trinity group of reser- 
voirs at depths of 90 to more than 100 feet. From Springtown to.Reno 
Mills, according to Taff, wells from 100 to 200 feet deep will receive 
flowing water. From Reno Mills to the mouth of Walnut Creek wells 
150 to 400 feet deep will secure good flows. 

The flowing wells along the West Fork, Denton Fork, Clear Fork, 
and Elm Fork of Trinity River are all derived from the combined 
Paluxy-Trinity catchment area, which has been described under the 
name of the Antlers formation. Although the outcrop of this forma- 
tion is incapable of being subdivided into distinct beds, its embed in 
the area of flowing wells shows considerable increment by thickening 
to the eastward, and is differentiable into several water-bearing reser- 
voirs, four of which were encountered at Gainesville, at 320 (t*), 340 
(t*), 460 (t?), and 670 (t*) feet (see fig. 75). These reservoirs exhibit 
an analogy in position and sequence to the four water reservoirs of the 
Paluxy and Trinity system found in the region of the Lampasas Cut 
Plain. 

In the valley of the Clear Fork of Trinity River south of Benbrook, 
according to Taff, a flow from the Trinity artesian reservoir may be 
had at a depth of 450 feet. Above Benbrook, in the valleys of Bear 
Creek, South Fork, and Clear Fork of Trinity River, less and less 
depths will be required. From a point in Clear Fork Valley oppo- 
site Benbrook, down the valley, a second source of shallow artesian 
wells becomes available in the Paluxy reservoir. Between Benbrook 
and Fort Worth, along the Trinity River Valley, flowing wells may be 
had at depths of from 100 to 200 feet. To tap the Trinity reservoir 
opposite Benbrook, 500 to 550 feet will be required, while at Fort 
Worth the Trinity reservoir is nearly 700 feet below the surface, as 
shown by wells already drilled in the river valley there. From Fort 
Werth up the West Fork Valley to the north line of Tarrant County 
the artesian conditions are the same as those outlined for the Clear 
Fork Valley. 

The area of flow in the Denton, Clear, and Elm forks begins from 10 
to 15 miles east of the western escarpment of the Grand Prairie. 
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In the West Fork the first wells encountered are in the vicinity of 
Newark, Wise County, where the reservoirs are struck at depths of 
60, 150, and 385 feet. 

In the Denton Fork the most western flowing wells are in Denton 
County, just east of the Wise County line, where three reservoirs are 
struck, at 100, 185, and 180 feet. There is probably a lower reservoir 
here which has not been penetrated. 

The western limit of flowing wells yet discovered on the Clear Fork 
is about 3 miles west of Bolivar, in northwest Denton County. Two 
reservoirs have been penetrated, at 130 and 135 feet. 

Gainesville seems to be at the interior limit of flowing wells on the 
Elm Fork of the Trinity. Excellent wells have been obtained at this 
point at a depth of 570 feet, passing through other reservoirs at 220, 
340, and 450 feet. 

Area of possible artesian flow on Red River.—Shallow wells receiv- 
ing a flow from the Trinity-Paluxy source are possible along the por- 
tion of Red River Valley on the Indian Territory side, and perhaps 
in Grayson County below the mouth of Duck Creek, north of Deni- 
son (see fig. 79). At Carpenters Ferry, east of Denison, wells 350 to 
400 feet deep should receive a flow from the top of the Antlers sand. 
Depths to the artesian source will increase at localities down the river 
and decrease at those up the river to a point where water will approach 
within about 100 feet of the surface. No experiments have yet been 
made in this district. 

Eastern district of deep flowing wells Srom PESEPVOLL of Trinity divi- 
sion.—Toward the eastern margin of the Grand Prairie and beneath 
all the Black Prairie region the slope of the land has so lowered the 
surface that nearly all the uplands, with certain exceptions to be noted, 
as well as the valleys, are of lower altitude than the catchment area of 
the Trinity reservoirs, and hence good flows of water are usually 
obtainable from the Trinity reservoirs. The latter, however, are 
very deeply embedded in this general region and can seldom be struck 
at a less depth than 1,000 feet, and hence this district, so far as the 
Trinity reservoirs are concerned, is essentially one of deep and expen- 
sive exploitation, in which artesian experiments can be profitably con- 
ducted only for municipal and industrial water supply. 

The western edge of this district practically follows the Balcones 
fault line from Austin, via Round Rock, Georgetown, and Belton, to 
the northeast corner of Coryell County. From the latter point it con- 
tinues irregularly, via Crawford and China Springs, McLennan County, 
and Whitney, Hill County, to Fort Worth. From Fort Worth the line 
of upland availability extends north via Roanoke, Argyle, Denton, 
Sanger, and Valley View. ‘The wells are shallower to the northward, 
being probably derived in the latter direction from a reservoir of the 
Antlers sand corresponding to the Paluxy reservoir. The area is lim- 
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ited on the north by an irregular line, as shown on the map (PI. LXTX), 
extending south from Valley View around the White Rock escarp- 
ment to the Trinity valley at Dallas, and thence irregularly and indef- 
initely north and east toward Clarksville, on Red River. 

The reservoirs deepen to the eastward, as shown on map, from 1,000 
feet to 4,000 feet, until they get below practicable depths. Deep wells 
have been drilled at Manor, Marlin, and Hillsboro, which show the 
great depth of the embed. At Manor, 20 miles east of Austin, the 
depth of an upper reservoir of Trinity water was about 2,300 feet. At 
Marlin, 22 miles southeast of Waco, an upper Trinity reservoir was 
struck at the depth of 8,300 feet. At Hubbard, 23 miles east of Hills- 
boro, a wellhole 3,050 feet deep had not reached the bottom of the 
Glen Rose formation. At Corsicana wells 2,700 feet deep do not reach 
the top of the Lower Cretaceous, while at Terrell a well 2,600 feet 
deep had not more than reached the Woodbine sands. From the fore- 
going data and the law of increment of the Trinity division it may be 
roughly estimated that the lowest of the Trinity reservoirs (t’) lies 
fully 4,000 feet below the surface along the extreme eastern margin 
of the Black Prairie. 

GLEN ROSE RESERVOIR. 

From Waco southward water is usually encountered in the upper 
portion of the Glen Rose formation. This occurs in arenaceous marls 
and minute shell breccia which are highly mineralized with epsomite 
and other salts. The waters from this reservoir are always charged 
with mineral impurities, which destroy their potability. For medici- 
nal purposes these waters are valuable and present on analysis the 
qualities of many of the famous waters of Germany and other places 
of continental Europe. Such waters, however, are deleterious for 
general uses and should be cased off if pure water is desired. Many 
fine wells have been spoiled by permitting these waters to contaminate 
them. The mineral contents of the medicinal waters of Marlin, George- 
town, and other piaces are largely derived from this horizon. 

Wells from the Trinity reservoirs in this area have been drilled at 
Austin, Round Rock, Belton, Temple, Troy, Moody, Eddy, Waco, 
Hillsboro, Fort Worth, and numerous other places, and these afford 
copious supplies of water, as more fully described in the chapters treat- 
ing of the counties. 

PALUXY RESERVOIR. 

The Paluxy sand (p) constitutes an important artesian reservoir (see 
Pl. LXX). These sands are practically the culmination of the Trinity 
group and coalesce interiorward with the Basement sands (t'), uniting 
with the latter in the latitude of Decatur, so that thence northward 
they constitute a continuous formation, the Antlers sands. Hence the 
equivalents of the Paluxy in that region are treated under the head of 
the Trinity system. 
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The Paluxy is separable from the other sands of the Trinity division 
only in the general region lying between Parker and Burnet counties, 
and makes the first timbered sandy belt along the immediate western 
margin of the limestone prairie. 

Little more can be said concerning the composition, texture, and 
structure of the Paluxy water-bearing beds than has been presented in 
the general discussion of the sands of the Trinity division. Like the 
other beds of the Trinity division, they are exceedingly friable and 
porous, adapted to drinking in most of the rainfall and transmitting 
it freely down the embed. 

The waters from this system are in general less copious in flow than 
those of the Basement sands (t') of the Trinity system, and differ 
slightly from the latter in chemical qualities. This is especially true 
where the Paluxy sands are thin, in which case the water becomes 
charged with salts of iron, strontium, magnesium, and other soluble 
mineral salts, making it often unfit for common use. 

The catchment area (see Pl. L:XX), which follows an irregular line 
within the main area of the Edwards Cut Plain from the Leon River 
northward to Decatur, Texas, is fully shown on the geologic map and 
described on pages 193-195. The areas of catchment and embed are 
less extensive than those of the Basement sands, although the outcrop 
and thickness of the Paluxy sands are rather large in Hood, Bosque, 
and Hamilton counties, where the formation can be recognized as the 
upland post-oak sandy region; southward its thickness decreases and 
it becomes less valuable for water-bearing purposes. 

The data in hand indicate that the embed of this formation is beneath 
the whole region east of the outcrop, as described, and north of Leon 
River. This embed of the Paluxy sand has been positively shown to 
continue eastward as far as Hearst Lake, nearly 50 miles east of 
Weatherford, and there is no reason to doubt that it continues east- 
ward beneath all the counties of the Black Prairie region north of the 
thirty-first parallel. 

The underlying beds beneath the Paluxy sands are the thinly bedded 
limestones and the whitish or greenish-white marly clays of the upper 
Glen Rose beds. The limestone layers are usually thin and very crys- 
talline (see Weatherford section). The overlying strata of the Paluxy 
sands are the basal beds of the Fredericksburg division, consisting 
usually, if not always, of alternations of bluish calcareous marl and 
thin dark-blue limestone and shell agglomerate of the Walnut form- 
ation. These rocks are accompanied by innumerable individuals of 
two characteristic species of fossil oyster, Gryphaa corrugata Say, 
and Exogyra tecana of Roemer. Specimens of the Gryphwa corrugata 
overlying the Paluxy sands were brought up in the Hubbard City well 
from a depth of 2,600 feet, showing the persistence of this character- 
istic fossil in the embedded retaining layers nearly 100 miles away 
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from any known outcrop. Upon striking these fossils in a well the 
driller can be readily assured that he is within 100 feet of the Paluxy 
sand. 

The upper layers of the Paluxy sands near the border of the over- 
lying Walnut formation are charged with varying quantities of iron, 
lime, and other mineral matter, which affect both the quantity and the 
quality of the water contained in them. The purest water is to be 
found in the central portion of both the Trinity and the Paluxy 
reservoirs. 

Between the West Fork of Trinity River and Red River the exposed 
edges of the Trinity and Paluxy sands form a single connected cateh- 
ment area—the Antlers sands—but, as shown by the records at Gaines- 
ville and elsewhere, these become well differentiated within the area 
of the embed. Water received on the catchment area is distributed 
to these several reservoirs in the region of the embed. Between 
Trinity River in Wise and Leon River in Coryell County catchment 
areas of the Trinity and Paluxy reservoirs are separated by limestone 
of the Glen Rose formation. This limestone continues to separate 
the Trinity and Paluxy reservoirs beneath the surface south of Wise, 
Denton, and Collin counties, so that there are at least two distinct 
artesian reservoirs in the embedded part of the Comanche series lying 
beneath the eastern portion of the Grand Prairie in Tarrant, Dallas, 
Ellis, Johnson, Hill, Bosque, and McLennan counties and all that 
portion of the Black Prairie north of the Brazos. 

The reservoir formed by the Paluxy sands is everywhere overlain 
by the lime marls and limestones of the Fredericksburg division, 
which constitute a mass of impervious strata above it, averaging from 
450 to 600 feet thick south of Red River. 

The outcrop of these sands forms an extensive independent catch- 
ment area along the eastern border of the Western Cross Timbers 
between the West Fork of the Trinity and Leon River, and they are 
embedded to the southeast beneath the Grand Prairie, Eastern Cross 
Timbers, and a part of the Black Prairie. North of the West Fork of 
the Trinity the catchment area is consolidated with that of the Trinity 
reservoirs. This reservoir as a whole has the general form of a wedge, 
having its thick edge exposed in the catchment area and thinning out 
with the dip. It remains, now, to give as nearly as possible the limit 


of this artesian reservoir and its character and value. 

In tracing the outcrop of the Paluxy sand bed down the Brazos and 
Trinity River valleys, where it has been eroded and exposed for 50 to 
60 miles, a gradual and constant decrease in thickness in the direction 
of the dip may be noticed. By estimating this average decrease in 
thickness it is possible to estimate the distance to a point beneath the 
artesian area where the Paluxy reservoir ultimately thins out. Arte- 
sian wells at Waco have shown that the Paluxy reservoir ceases to 


HILL. ] WELLS FROM PALUXY RESERVOIR. 437 


the southeast, and wells at Hubbard, Cleburne, Fort Worth, and other 
localities on the Grand Prairie show that it thins to the eastward. 

The average increase in depth to the Paluxy water reservoir on a 
level line bearing S. 60° E. is 35 to 40 feet for each mile, and in the 
opposite direction, N. 60° W., there will be a corresponding decrease. 
The dip of this reservoir is practically that of all the Cretaceous rocks 
above it, and inasmuch as it is above the top of the Glen Rose forma- 
tion the difficult problem of estimating the eastward increment in 
thickness of the latter does not have to be considered, as it does in the 
case of the Trinity reservoirs. 

Wells of the Paluxy system.—The first successful wells in the Black 
and Grand prairie region were drilled in the river valley (altitude 490 
feet) on the western edge of the city at Fort Worth, and struck mode- 
rate flows of water at 263 feet in depth, or 484 feet below the highest 
part of the city (altitude 662 feet). Many of these shallow wells were 
bored, and they constituted the chief artesian supply of Fort Worth 
for many years before the deeper and more abundant supply of the 
Trinity system was developed. 

South of the West Fork of Trinity River the catchment area of the 
Paluxy is lower in altitude than that of the Trinity, on account of its 
separation and more easterly exposure, but north of the West Fork the 
Paluxy area is above that of the Trinity, and therefore has advantages 
over the Trinity reservoirs. From these facts it is plainly evident 
that artesian wells in Denton, Cooke, and Collin counties may some- 
times derive good supplies of water from the Paluxy reservoir with- 
out going into the lower and deeper Trinity reservoirs. 

In Bosque County, in the valleys of Brazos and Bosque rivers and 
on Meridian and Neils creeks, good flowing water may be had from the 
Paluxy reservoir at depths ranging from 100 to 300 feet. The valley 
of the Clear Fork of Trinity River between a point south of Ben- 
brook and Fort Worth is a field for shallow artesian wells, which vary 
from less than 100 feet south of Benbrook to 200 feet at Fort Worth. 
Between Fort Worth and Randol, along the West Fork, abundant flows 
may be had from wells ranging from 200 feet at the former to 600 or 
650 feet at the latter locality. 

The valley of the West Fork of Trinity River from Fort Worth to 
near the mouth of Silver Creek, in Tarrant County, may be compared 
to the Clear Fork Valley above Fort Worth, and flowing water may 
be had at the same depth in both. 

Wells have been procured from this reservoir as far north as San- 
ger, Denton County (altitude 628 feet), and as far east as Hearst’s 
fishing lake, 10 miles east of Fort Worth, They are also obtained in 
southern Tarrant County. 

There is but little doubt that this water can be obtained over all the 
Grand Prairie in Tarrant County wherever the altitude is less than 750 
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feet; this includes all the creek and river bottoms in the county and 
all the upland prairie and Eastern Cross Timbers in the eastern half of 
the county. The depth will not exceed 600 feet at the eastern edge of 
the area, and decreases 28 feet per mile to the west. 

The Paluxy reservoir sands, which outcrop around the base of 
Comanche Peak and just west of Weatherford, are between 1,050 and 
1,150 feet above the sea; at Fort Worth they are 200 feet above the sea, 
or 300 feet below the bed of Trinity River and 590 feet below Tuckers 
Hill; at Dallas they should be 1,300 feet below the surface, and at 
Terrell 3,200 feet more or less below the surface. The sands also 
underlie the area of the Woodbine reservoir at a depth of about 500 
feet below the bottom of the Woodbine water, which thickness equals 
that of the average of the Washita and Fredericksburg divisions. 

It will not be advisable to reckon upon large supplies of water from 
the Paluxy reservoir in Ellis County, nor in McLennan and Hill coun- 
ties. Weak flows may be secured, but they should not be considered 
when additional drilling of 500 to 1,000 feet will produce powerful flows 
from the basement Trinity reservoirs. Since the Paluxy sand stratum 
attenuates to the southward, it would be hardly practicable to antici- 
pate waters from it south of the latitude of Coryell County. 

The possibility of flowing wells from this source does not extend in 
Texas north of the southern border of the tier of Red River counties, 
as has been proved by extensive experiments at Gainesville, Denison, 
Honey Grove, and Paris, but the water will rise in these regions to 
the altitude of the outcrop of the catchment area, which in most 
places will bring it within a practicable pumping distance of the 
surface. 

There is no doubt that the embed of the Paluxy sands may be reached 
over a much wider area than has been exploited. It could be reached 
anywhere in the area described in the discussion of the Woodbine 
system between the depths of 500 and 600 feet beneath the latter. It 
has been a surprising fact that Dallas has never drilled to this water. 
Other cities along the White Rock belt situated similarly to Dallas 
have struck the Paluxy water as follows; Ferris, 1,300 feet; Hillsboro, 
1,200 feet. At Corsicana the Paluxy bed ought to be from 500 to 700 
feet below the present flow, and could be reached in the neighborhood 
of 3,200 feet. The water should be available at Terrell and Kaufman 
at about the same depth. 

It is apparent that flowing wells may be had at any point east of 
and lower in altitude than the eastern arm of the Western Cross 
Timbers south of the West Fork of Trinity River. The approximate 
western border of the area of flowing wells from this source is desig- 
nated on the map. Along this line water will approach the surface of 
the ground in wells which penetrate the Paluxy sand at depths varying 
from less than 100 to 1,000 feet, the depth depending upon the distance 
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of the well from the eastern edge of the Western Cross Timbers 
receiving area. 

At all localities where flowing waters can be had from the Paluxy 
reservoir more powerful and abundant flows may be obtained from the 
Trinity reservoirs by continuing the drilling through the Paluxy sand 
and Glen Rose formations and the upper Trinity reservoir to the 
Basement sands (t'). As with wells receiving water supply from the 
Trinity reservoir, those drilled into the Paluxy basin should not be 
abandoned by the drill as soon as the first flow is obtained; instead, 
the drilling should be continued until the base of the sand is passed. 


FREDERICKSBURG RESERVOIR, 


Certain beds (one or more) of the Fredricksburg division in the area 
of its embed south of the Brazos are water bearing, as is attested by 
many well records in Coryell, Bell, and Travis counties. In Travis 
County these waters apparently come from certain arenaceous and 
cavernous layers in the Edwards limestone; in Coryell County the 
Walnut formation seems to be the source of the waters. The water 
is usually highly impregnated with sulphur, and is small in quantity 
and can not be relied upon as a source of artesian supply. 


WOODBINE RESERVOIRS. 


Beds and catchment areas.—Vhe Woodbine reservoirs include the 
sandy strata of the Pawpaw formation (x'), which are of insignificant 
value and need hardly be considered further, and the Dexter sands 
(x’) and Lewisville beds (x*) of the Woodbine formation. (See Pl. 
LXXI.) They underlie that portion of the Black Prairie region 
which is east of the Eastern Cross Timbers as far south as the Brazos. 

The beds forming the Woodbine reservoirs are composed of quartz- 
itic sands accompanied by accessory clay layers, lignites, some glau- 
conite, and pyrites of iron. The character of the waters also indicates 
that some beds of the system contain iron and salt. The structure 
of the water-bearing sheets shows varying size of interstitial spaces 
between the grains of sand. It has been impossible to make a thorough 
series of laboratory tests of the exact porosity of these rocks, and 
until this is done their relative capacity for the imbibition and trans- 
mission of water can not be stated. It is only known by well experi- 
ments that it is sufficient to produce free-flowing wells. 

The Dexter sand bed (x’), constituting, on an average, the lower 
100 feet of the Woodbine formation, is the only reliable portion for 
the production of large artesian flows, although many wells secure 
water from reservoir x’. The Dexter sand crops out and forms the 
hilly, sandy country in the western half of the Eastern Cross Timbers. 
Many layers of considerable thickness are free from soluble mineral 
matter and are rather porous, while others contain such quantities of 
iron ore as to become solid or compact ferruginous sandstone. 
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The Lewisville beds (x*), which occur in the upper half of the 
Woodbine formation and occupy the eastern portion of the Eastern 
Cross Timbers, are not reliably water bearing on account of the large 
quantities of subimpervious, ferruginous, argillaceous, and calcareous 
materials in them. They also contain quantities of vegetable and ani- 
mal remains in the form of impure lignites and shell beds, together 
with soluble salts of iron and magnesium, which so impregnate the 
water as to render it deieterious to both animal and vegetable life. 
An occasional layer of sand in the Lewisville beds contains wholesome 
water which will supply shallow-flowing and nonflowing wells in and 
near the eastern border of the Eastern Cross Timbers in the principal 
creek and river valleys through Dallas and Johnson counties. For ¢ 
detailed account of the Lewisville beds see pages 309-311. 

The catchment area of the Woodbine system is coincident with the 
extent of the main belt of the Eastern Cross Timbers in Texas and 
along Red River. The total catchment area of the Main Texas belt 
from Red River to Waco, as carefully mapped out under the writer’s 
direction, is 794 square miles. The average rainfall is 36 inches per 
annum over this area. Of this amount at least 50 per cent is imbibed 
and becomes the source of artesian water. 

The water beds of the Woodbine formation are embedded beneath 
all the Black Prairie region north of the Brazos and south of Red 
River, and are available at depths of from 100 to 3,000 feet. The 
embed also underlies a few local areas in the southern part of the 
Chickasaw Nation north of Grayson County, Texas. The embed 
inclines, in harmony with the general structure of the Black Prairie 
region, at a gentle angle of about 40 feet to the mile. 

The Woodbine embed is known to extend coastward of the region 
of its outcrop, i.e., from Little River, Arkansas, to a point near Fort 
Washita, Indian Territory, east and west, and thence due south to 
the Brazos. The area of the embedded portion of these strata can 
be predicated only from artesian-well experiments. We know from 
their thinning out at the Brazos that they hardly occur south of that 
stream. Furthermore, although we do not possess accurate data on 
the point, it has been reported that this stratum was not struck in the 
well at Marlin. The embed certainly extends as far east and south as 
Corsicana, where it is reached at a depth of 2,500 feet. From geologic 
considerations we can have no doubt that it continues under the whole 
of the northeast Texas region north of Corsicana in the direction indi- 
cated by the outcrop; but, as will be shown, the occurrence of this 
sheet throughout so extensive an area does not necessarily mean that it 
is coincidentally available, for north of Red River the outcrop is ina 
region of lower altitude than the surface of the country to the south. 

The impervious beds underlying the Dexter sands (x*) are the 
limestones and marls of the Washita and Fredericksburg divisions 
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down to the Paluxy sands, aggregating a thickness of over 500 feet. 
Inasmuch as the greatest pressure of the water in the sands is apt to 
be in that portion of them lying nearest to the impervious underlying 
strata, it would be advisable in all artesian experiments to carry the 
well drillings down until these underlying rocks are reached. The 
driller can readily recognize them by the sudden transition from the 
noncaleareous or very slightly calcareous sandy nature of the water- 
bearing strata to the excessively calcareous marls or limestones which 
characterize the whole series to which these underlying beds belong. 
Furthermore, on reaching these underlying beds, if, perchance, the 
driller has not succeeded in obtaining satisfactory results from the 
overlying rocks, he can be positively assured that at least from 500 to 
700 feet (the thickness of the Washita and Fredericksburg divisions) 
of impervious nonwater-bearing rocks lie below him before there is a 
possibility of striking the Paluxy reservoir. 

The overlying impervious strata of the Woodbine system are the 
clay shales of the Eagle Ford formation, which, with the succeeding 
impervious formations of the Austin, Taylor, and Navarro formations, 
constitute an Impervious system above these reservoirs which attains 
a maximum thickness of over 2,500 feet. 

Many well records in Johnson, Hill, Tarrant, and other counties 
show the occurrence of a hard layer of rock from 1 to 3 feet thick 
immediately above the first water reservoir. This is an irregular bed 
of quartzitic calcareous sandstone. 

The Eagle Ford clays, which form the impervious roof of the water- 
bearing beds of the Woodbine system, may be recognized in the drill- 
ings by the blue-black or black character of the clays, in contradistine- 
tion to the light-blue or grayish tints of the other sediments usually 
encountered in the well drillings in any other portion of the Cretaceous 
section, and by the numerous nodules or septaria which are encoun- 
tered by the drill. In the lower portion, as the water-bearing beds 
are approached, these clays show frequent thin sandy layers, and the 
proximity of the water-bearing strata can usually be detected in the 
area underlain by the embed of the artesian sheets of the Woodbine 
system by the appearance of these thin sandy seams in the clays. 
These retaining layers, as we have shown in the descriptions of the 
general geologic section, increase in thickness southward from over 
500 feet in Grayson County to less than 200 feet at the Brazos. 

Flowing wells of the Woodbine reservoirs.—The flowing artesian 
wells of Pottsboro, Dallas, Ferris, Waxahachie, Corsicana, and Ennis, 
and the nonflowing artesian wells of Sherman, Paris, and Midlothian— 
a north-south belt of country extending from the Red River fault 
zone to near the Brazos—all have their origin in or pass through the 
reservoirs of the Woodbine system. 
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Many of the artesian wells which have been drilled into the Wood- 
bine system are incomplete, inasmuch as they have only penetrated the 
uppermost of the Lewisville reservoir (x*). These may have their 
flows increased many fold by continuing to the Dexter reservoir (x’), 
or, if necessary, to the deeper Paluxy and Trinity reservoirs, still 
below the Woodbine system. In all cases where good and abundant 
water is desired the first flow (x*) should not be considered, but drill- 
ing should be continued 200 to 300 feet farther, into the Dexter 
reservoir (x’). 

Wells within the area of availability of the Woodbine system by 
much deeper drilling may receive abundant water from the Paluxy 
and Trinity reservoirs, which underlie also the Black Prairie. The 
quantity and pressure of the water from the Trinity will in most cases 
greatly exceed those of the water from the Paluxy. 

The limit of possible flowing water from the Woodbine reservoir is 
very different from the limit of profitable flowing water. The upper 
portion of the artesian reservoir contains much soluble mineral mat- 
ter, and by the time water passes through this for a distance of 60 
miles and toa great depth, where its temperature is raised, it is highly 
impregnated. 

Areas of flowing and nonflowing wells.—The line between the areas 
of flowing and nonflowing wells from the Woodbine reservoir may be 
seen on the map (Pl. LX X1). 

The area of availability of flowing wells, like that of the Trinity res- 
ervoirs, may be divided into two general districts—a western one of 
shallow wells, obtainable only in the lower creek valleys, and an east- 
ern district of deeper wells, from which a flow is obtainable on the 
uplands as well as in the valleys. As in the case of the Trinity areas 
of availability, the eastern district is separated from the catchment area 
by a belt of higher upland which lies between them and to the surface 
of which the waters will not rise. In this particular instance this sub- 
ordinate belt is the White Rock escarpment, and its surmounting dip 
plain is marked by the outcrop of the Austin chalk. 

The average altitude of the eastern edge of the catchment area of 
the Woodbine system is 600 feet, and of the western edge 736 feet. 
Since the White Rock cliffs of the Austin-Dallas chalk to the east 
average 750 feet, except where cut through by drainage valleys, as at 
Dallas, it is evident that the areas where a flow well is possible will be 
(1) the valleys of the Eagle Ford Prairie, in Grayson, Collin, Denton, 
Dallas, Tarrant, Hill, and Johnson counties, which lie between the 
White Rock escarpment and the cross timbers; (2) the valleys within 
the eastern edge of the cross timbers themselves; (3) the valleys of 
rivers transecting the outcrop of the Austin chalk; (4) that portion of 
the main Black Prairie east of the outcrop of the Austin chalk which 
has altitudes of less than 500 feet. 
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On account of the greater altitude of the Eagle Ford and Austin 
chalk prairies in the Main Texas belt immediately east of the Eastern 
Cross Timbers, there is a considerable area embraced by these belts of 
country where flowing water can not be obtained, except in the tran- 
secting creek velleys, which are cut below the general levels of the 
Eagle Ford prairie and Austin chalk belt. 

Beneath the northern tier of counties in Texas, south of a line drawn 
from Bells to Bowie County, the water-bearing strata of the Woodbine 
system are embedded, but the water will rise in the drill hole only to 
the height of the outcrop, which east of Grayson County, except in 
the immediate valley of Red River, is generally lower than the catch- 
ment area. Costly experiments at Clarksville, Paris, Honey Grove, 
and Bonham have demonstrated this proposition. 

A small local area of exceptional flowing wells from the Woodbine 
formation in this district is reported in the northeastern corner of Fan- 
nin County, between Ivanhoe and Red River, where wells are said to 
be obtained from the Woodbine reservoir at depths of from 45 to 75 
feet. 

Artesian wells may possibly be had in the valley of Iron Ore Creek, 
between Denison and Sherman, by drilling 100 to 300 feet. The 
Cook Spring fault follows the valley of Iron Ore Creek for several 
miles, passing very near Moss and Cook springs. This fault marks 
the border here between sandy and clay lands. On the north side of 
this fault line it will require nearly 200 feet less drilling to secure flow- 
ing wells. Moss and Cook springs are natural artesian wells. 

Favorable conditions for the procurement of artesian flows from the 
Woodbine reservoir exist in southern Chickasaw Nation, between the 
cross-timber hills south of Fort Washita and the fault line at Red 
River. The structural conditions of this region are favorable for 
flowing artesian wells from both the Woodbine and the Trinity 
reservoirs. 

In the northern part of central Grayson County there is a small local 
area of flowing wells from the Woodbine reservoir (see fig. 77). This 
lies between the towns of Gordonville and Saddler on the west, Potts- 
boro on the east, and Southmayd on the south. Flowing wells are 
obtained within this area at depths varying from 90 to 500 feet. This 
area is limited on the northward by the Cook Spring fault, extending 
from the vicinity of Cedar Mills through Pottsboro to Cook Spring, 
and wells can not be obtained between this line and Red River from 
the Woodbine reservoirs. The flowing area is limited on the east by 
the greater altitude in that direction. Water is obtained in this area 
from several of the Woodbine reservoirs, which were encountered in 
one of the deepest wells at depths of 154 to 500 feet. 

These wells were drilled through a part of the Lewisville reservoir 
into the Dexter reservoir of the Woodbine formation, from which they 
receive their abundant water supplies. Eastward or westward from 
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the wells the sand which supplies their water is found at much higher 
elevations than those of the wells. 

From southern Denton County to Dallas favorable artesian cond1- 
tions prevail in the valley of Elm Fork of Trinity River, as also in the 
West Fork Valley, below the Tarrant-Dallas county line. Flowing 
wells from 60 to 150 feet deep are secured in this valley in northwest 
Dallas County. The great number of artesian wells at Dallas attests 
the value of the Woodbine reservoir as a source of artesian water in 
the valley of the Trinity River. 

From a point in the valley of the West Fork of Trinity River near 
the west line of Dallas County to Dallas artesian water may be had at 
a depth of 100 to 800 feet. The first and smaller flow will come from 
the Lewisville reservoir (x*), in the upper portion of the Woodbine 
group. 

The large flows of artesian water at Dallas are from the Dexter 
reservoir (x’), but in boring wells in the valleys of the Trinity River 
and Mountain and Chambers creeks it will be most profitable to extend 
the boring completely through the Dexter sand bed to the Lower Cre- 
taceous limestone or marl in order to secure the largest and strongest 
flows. 

Shallow flowing artesian wells, from 60 to 90 feet deep, are obtained 
in Mountain Creek Valley, in southwest Tarrant and southeast Dallas 
counties. Lower down, the creek flows east of north, nearly paraliel 
with the strike of the rocks, and therefore parallel with the catchment 
area of the Woodbine formation. Hence wells at the same elevation 
in Mountain Creek Valley must be drilled to approximately the same 
depth to receive flowing water from the Woodbine reservoir. Along 
this portion the valley wells drilled 400 to 500 feet, to txe Dexter sand 
(x”) of the Woodbine group, will receive larger flows of good water. 
Most of the wells thus far drilled have stopped at the upper or Lewis- 
ville flow. 

Chambers Creek Valley.—The area of possible flowing wells from 
the Woodbine reservoir in Chambers Creek /alley has been exploited 
from Auburn to Italy, in Ellis County. There are a few flowing wells 
in the upper portion of the valley which receive their water from the 
Lewisville reservoir (x’), in the upper portion of the Woodbine group 
of reservoirs, at a depth of from 135 to 196 feet. The same water is 
struck at 260 to 280 feet halfway between Auburn and Italy, and at 400 
feet at Italy. The shallower wells may be found in the creek valley 
in southeastern Johnson County. By continuing the boring to the 
base of the Dexter reservoir, about 100 feet below the first-mentioned 
reservoir, a larger and stronger flow will be obtained in all cases, and 
the quality of the water will be better than that of the first. 

As the valley of Chambers Creek is descended, an additional depth 
of about 50 feet per mile will be required to drill from the surface to 
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the artesian source, but a greater and stronger flow will be obtained. 
The quality of the water is not likely to be as good as that from the 
wells near the catchment area, higher up the creek, on account of the 
increase in the quantity of mineral matter in solution. 

It is possible to obtain small nonflowing artesian water from the 
Woodbine reservoir in central Hill County, along Hackberry Creek 
above and below Hillsboro, by drilling 160 to 400 feet. Artesian water 
from the Woodbine basin is impossible in the Brazos Valley else- 
where than in central Hill County. 

Deeper flowing wells of castern district of Woodbine area of avail- 
ability.—In that portion of the main Black Prairie south of the 
Trinity and east of the belt of outcrop of the Austin chalk flowing 
artesian wells have been obtained from the Woodbine reservoirs. 
These wells have been bored at Lancaster, Palmer, Milburn, Ferris, 
Waxahachie, and Corsicana, at depths of 1,100 to 2,500 feet. Little 
exploitation has been made of this district north of the Trinity until 
the Red River counties are reached. In the latter, deep wells into 
the Woodbine reservoir fail to secure flowing water. At Terrell a 
hole 2,200 feet deep failed to reach the Woodbine flow, although it 
would have been encountered had the well been continued a few 
hundred feet. 

From the record of the deep-well sections at Dallas and Corsicana 
it is evident that the Woodbine reservoirs decrease in thickness and 
deteriorate in character as they pass downward toward the southeast as 
well as toward the south, parallel to their outcrop in the Eastern Cross 
Timbers. 

The sandy character of the Woodbine formation and the thickness 
of its reservoirs increase northward, and in the same ratio its power 
for receiving and transmitting water increases. The Hillsboro and 
Dallas artesian well sections indicate a decrease in the thickness of the 
reservoirs and an increase in the proportion of clay in an easterly or 
southeasterly direction. Twelve or 15 miles west of Hillsboro the 
sand beds at the base are rather extensive, yet they produce only a 
small flow of water in the Hillsboro well. The Dallas wells receive 
their large flows from the Dexter sands (x’), 50 feet thick, near the 
base of the Woodbine system, yet the same bed at its outcrop in the 
western portion of the Eastern Cross Timbers, in northeastern Tarrant 
County, is more than 100 feet thick. The fact is that much of the 
impervious clay occurring above the heavy water-bearing stratum in 
the Dallas well section is not found at the outcrop farther west. The 
Waco deep wells and the Marlin deep well, as illustrated by their sec- 
tions, do not encounter the Woodbine reservoir at all. The deep well 
at Corsicana, as reported by Mr. Johnson, drilling superintendent, 
penetrated 15 feet of sand in the Woodbine reservoir at a depth of 
2,400 feet, which gave a large flow of water so heavily charged with 


446 BLACK AND GRAND PRAIRIES, TEXAS. 


mineral matter that it was almost valueless. Before reaching the 
sand the drill penetrated 100 feet of clay interstratified with layers of 
sand, which doubtless belong to the Woodbine system. 

Negative, nonflowing wells in which the water rises near the surface, 
like the well at Sherman, can be obtained along the divide of Red 
River and the Sulphur Fork, and in the White Rock belt over most of 
the Main Texas area. 

The effect of the White Rock scarp upon the areas of possible flow 
illustrates the bearing of the topography upon the availability of an 
artesian reservoir. North of Dallas, upon the summit of the White 
Rock escarpment, water from the Woodbine basin will not rise to the 
surface. There is a large area of nonflowing wells of the Woodbine 
system extending from Oak Cliff southwestward with the ridge of 
Austin limestone, by way of Cedar Hill, Midlothian, 
and Mountain Peak, to Chambers Creek Valley oppo- 
site the junction of North and South Chambers creeks. 
From Chambers Creek Valley opposite the mouth of 
South Chambers Creek the ridge of Austin limestone 
continues southward, east of Files Valley and Hillsboro. 

It is hardly necessary to state that no artesian waters 
of the Woodbine system can be obtained outside the 
area of availability we have above defined, but it may 
be well to epitomize the reasons: 

According to the law that water will not rise above 
its level, it is evident that artesian wells can not be 
rie. 49. shatow €Xpected from the Woodbine reservoir except at points 

welloftheTexas tothe eastward of their outcrop and at a lower altitude. 

eee cena, West of the Eastern Cross Timbers these waters can 

Texas, showing not be found, inasmuch as the water-bearing strata do 

detuisorTetell “not exist in that direction. Wells can not be found in 

that portion of the East-Central Province west of the 
medial portion of the Eastern Cross Timber belt, because in that 
region the water-bearing beds form the surface outcrop, and hence 
are nonartesian. For the same reason wells can not be obtained 
from these reservoirs in northeastern Grayson County north of 
the Missouri, Kansas and Texas Railway and east of the Cook 
Spring fault, or in Indian Territory north of Tron Ore Ridge, which 
passes east and west through a point south of Fort Washita. Owing 
to the absence of the Woodbine sands from the geologic structure of 
the country south of the Brazos (see sections, Pl. LX VII), no water 
can be obtained from this system south of the Brazos. It is not 
possible to mark definitely the southern border of the Woodbine, but 
it does not extend to or south of the latitude of Waco. From the 
southern limit of the outcrop of the Woodbine formation on Brazos 
River west of Aquilla Creek this border bears eastward beneath the 
Black Prairie. 
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TERRELL RESERVOIR, 


The name ‘‘ Terrell system” is proposed for certain water-bearing 
sands in the Navarro formation outcropping along the northern portion 
of the eastern border of the Black Prairie. Little is known concerning 
the availability and capacity of this system, which has not been thor- 
oughly studied (see fig. 49). It supplies many nonflowing wells along 
the eastern border of the Black Prairie, but its embed is chiefly beneath 
the western margin of the Tertiary area, and hence it will not be further 
considered in this report. 


CHEMICAL QUALITIES OF THE ARTESIAN WATERS. 


Unfortunately, no complete systematic study of the chemical quali- 
ties of the Cretaceous rocks of Texas and their resultant products, 
such as soils, waters, ete., has been made. The writer initiated an 
investigation of this character many years ago, but was not able to 
carry it to completion. It would be an interesting experiment to col- 
lect and analyze these various waters and to compare their analyses 
with one another and with those of the rocks from which they flow, 
and the writer hopes that this will yet be done. 

Many individual analyses have been made of wells by various chem- 
ists, but no attempt has hitherto been made to assemble or classify 
these analyses, many of which are not even obtainable at present. 
From time to time some of these analyses have fallen into the writer’s 
hands. From the cheinist’s standpoint many of them are inadequate 
and incomplete. Nevertheless, so far as they show the chief mineral 
ingredients of the waters, from a practical standpoint they are of 
great value and convey some important lessons. 

The table herewith presents a few analyses of the waters from the 
various beds, gathered from miscellaneous sources. These analyses 
indicate four or five broad classes of water, varying in chemical impuri- 
ties according to the reservoirs from which they come. The analyses, 
notwithstanding their imperfection, show also that while the waters 
of approximately the same horizon present certain marked generic 
resemblances, they are chemically dissimilar in some specific respects. 
The waters analyzed from the deeper reservoirs are all probably 
more or less contaminated by mixture with flows from the higher 
reservoirs. This is specially true of the Marlin, Hubbard, and Mil- 
ford wells. The waters of the Hillsboro well, which are placed in the 
Woodbine and Paluxy group, may be from the Paluxy horizon. This 
well obtains its supply from the combined Woodbine, Paluxy, and 
Trinity reservoirs, and hence its analysis is not of much value. The 
Denton well penetrates the Paluxy reservoir only and is a type of the 
Paluxy water. 

In order to ascertain the exact proportion of the various elements, 
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the analyses should be recalculated and the mode of statement changed. 
The hydrogen is derived from the bicarbonates; SO, is the acid radical 
of the sulphates; CO,, of the carbonates; PO,, of the phosphates. 

The Woodbine reservoirs are very low in lime (calcium carbonate), 
only one well showing an appreciable amount thereof. This is the only 
common feature of the two reservoirs of this system, for they other- 
wise show a most striking contrast between bad and good qualities. 

The upper Woodbine water, as reported from many wells, of which 
complete analyses are not given, is so heavily charged with deleteri- 
ous chemicals as to be practically unfit for human use. In gen- 
eral the analyses show an excess of solids, averaging 340 grains 
per gallon, including salt, gypsum, and magnesium. Magnesium sul- 
phate is common, one well showing 23.6 grains, and another 5.28 
grains. Chloride of magnesium in one of the wells occurs to the 
extent of 37.56 grains per gallon. Calcium sulphate is also very high, 
one well showing 127.8 grains per gallon. j 

The main Woodbine reservoir averages only 62.5 grains of solids per 
gallon, as opposed to 340 grains per gallon in the upper Woodbine 
reservoir. It shows a slightly greater proportion of salt than good 
water should have, but it is probable that in most cases this salt is 
derived from the seepage of the upper Woodbine waters. Magne- 
sium sulphate is rare—almost absent. There is less than 1 grain per 
gallon of calcium sulphate. 

It is unfortunate that we have no good analysis of the water from 
the Fredericksburg reservoirs. These are usually highly charged with 
mineral matter and the supply is small. In fact, this reservoir should 
never be used on account of the proximity of better supplies of water 
below it. 

The well at Denton is from the Paluxy reservoirs and is the nearest 
analysis we have to an undoubted Paluxy horizon; it may be accepted 
as a type of the waters from that reservoir. It will be seen that this 
water differs from the Trinity by the greater amount of salt, the 
smaller proportion of carbonates, and the presence of magnesium. 

The waters of the Glen Rose reservoir are thoroughly bad when 
considered in any other than a medicinal sense. They contain more 
kinds of deleterious minerals than any other reservoir, and a far greater 
quantity of them. From a medicinal standpoint, however, they are of 
value, and are acquiring a high local reputation. The waters more 
nearly resemble those of Carlsbad and other German spas than any 
other American waters. The Georgetown, Marlin, and Round Rock 
wells supply extensive commercial demands. 

From the analysis of the Sixth street well at Austin, Professor 
Harper concludes that this well yields a sulphur water resembling the 
waters of the Blue Lick Springs, Nicholas County, Kentucky: of 
Hanna Springs, Lampasas, Texas, and of the springs at Harrogate, 
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Yorkshive, England. It can be profitably used medicinally in such 
cases as would be benefited by waters from the sources named. 

The Glen Rose waters show a larger proportion of solid matter to 
the gallon, and of salt, magnesia, and lime, than those of any other 
reservoir, and for this reason they are unfit for ordinary uses. The 
solid matter, averaging 462 grains per gallon, is seven times as great 
as in the lower Trinity waters. Sodium sulphate is the chief constitu- 
ent, averaging 252.74 grains per gallon. Calcium sulphate (gypsum) 
is also excessive. Chloride of magnesium occurs in one of the wells 
to the extent of 26.9 grains per gallon. Lime is also abundant, aver- 
aging 26.4 grains per gallon. Magnesium sulphate (epsom and Glau- 
ber’s salts) is very abundant, averaging 32.46 grains per gallon. 

Of the wells given as coming from the Trinity reservoirs, those of 
the Chicago and Fort Worth Packing Company, the Bell Waterworks 
at Waco, and Mr. Moore’s well at Waco are known to be from the 
lower Trinity reservoir, and there is a remarkable similarity in their 
composition. These waters are soft and potable and show that this is 
by far the best of all the reservoirs. 

The water of the wells of Mr. Prather and the McGregor Water- 
works probably come from the upper Trinity reservoir. The same is 
probably the case with the well at Troy. The analysis of the water 
from the latter is very incomplete. The wells classified under the 
head of the Antlers reservoirs represent the northern continuation of 
the Trinity reservoirs. The two waters from the deep wells at Gaines- 
ville show a strong resemblance to those of the Trinity reservoirs. 
Such is the case with the water from the well at Valley View. The 
waters from these reservoirs are soft and are used for drinking, 
cooking, bathing, and washing—in a word, for all domestic purposes. 
They are also used for sprinkling flowers and lawns. They have not 
been used extensively for irrigation, but so far have proved: very 
satisfactory for this purpose. 

Too little is known of the upper Trinity water to permit a determi- 
nation of its chemical qualities, as no reports have been received. The 
Prather well near Waco and the Troy well show a higher mineraliza- 
tion than the wells from the lower Trinity reservoirs. They have an 
average of about 4 grains per gallon of lime, which is not observable 
in the analyses of the wells from the lower reservoirs. The lower 
Trinity reservoir shows a small proportion of total grains of solids per 
gallon, a small proportion of salt, an almost entire absence of gypsum 
and lime, and the sodium occurs as sulphates and carbonates. None 
of the analyses show any trace of magnesium sulphate. The waters 
are also very free from lime, which may account for their soft quality. 
Calcium sulphate is absent from all the lower Trinity wells, and is 
present in only one upper Trinity well. 

In examining the table of averages it will be seen that two of the 
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reservoirs are especially bad when considered from any other than a 
medicinal standpoint. These are the upper Woodbine and the Glen 
Rose reservoirs. In each of these the total sulphates, as expressed by 
the number of grains per gallon, is very high, while the sulphates and 
chlorides far exceed the carbonates. Both reservoirs have a high per- 
centage of magnesium and sodium chlorides, and are not well adapted 
for other than medicinal purposes. 

On the other hand, the waters from two of the reservoirs are strik- 
ingly superior in their chemical composition. These are the lower 
Woodbine (x’) and lower Trinity (t’ and t*) reservoirs. In each of 
these the proportion of solids is relatively small, being less than one- 
fifth of what it is in the upper Woodbine and Glen Rose reservoirs. 
The chlorides, carbonates, and sulphates are relatively in more equal 
proportions, while gypsum and magnesium sulphates are conspicuously 
absent. Of these two good reservoirs, the main Woodbine is inferior 
to that of the lower Trinity, having a greater proportion of salt and 
lime. 

Although few in number, these analyses exhibit the qualities of 
the water reservoirs, as is evident to anyone who sees them, and 
correspond in a general manner with the composition of the geo- 
logic strata from which they are derived. .Each of the waters enu- 
merated in the foregoing pages has a close chemical resemblance to 
the rocks from which it is derived. It is impossible to state the pro- 
portion of ingredients of each particular stratum, because we have not 
a series of rock analyses, but certain chemical qualities are very marked 
in each. From our knowledge of the rocks through which these wells 
are drilled we know that the different strata vary greatly in chemical 
character, some being comparatively free from all soluble mineral 
ingredients except lime carbonate, which is nearly always present, 
while others carry various accessory impurities. 

The Navarro and Taylor marls contain but little water or chemical 
impurities other than oil. The Austin chalk, miscalled magnesian 
limestone, contains no magnesia, and hence the magnesian constituent 
of the water it carries must originate below that formation. It does 
contain considerable lime and pyrites, the latter sufficient to supply 
iron and sulphureted hydrogen. The upper part of the Eagle Ford 
shales is somewhat similar to the Austin chalk, but the lower portion 
contains much gypsum, alum, iron, and bituminous matter, all of 
which contribute to the bad quality of the upper Woodbine reservoirs. 

The writer has never been able to obtain a complete analysis of the 
Buda limestone, but there is reason to believe that water penetrating 
it would take up sulphur, iron, and saline impurities, such as can be 
seen incrusting it at Austin, where efflorescences of salt and magne- 
sium sulphate have been observed. There is little doubt that water 
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transmitted through these beds, at least in Travis County, will be 
strongly ** mineralized.” 

The Del Rio clays are very impervious and not apt to affect under- 
ground water seriously, unless it percolates through the pyritiferous 
fossiliferous beds, in which case much sulphureted hydrogen will be 
taken up. 

The waters passing through the Fort Worth limestone and the upper 
part of the Edwards limestone are impregnated with mineral matters 
somewhat analogous to those of the higher Buda limestone and lower 
Glen Rose beds. Such minerals form an efflorescence on the surfaces 
of the protected rock ledges or in the bluff caverns, as can be seen in 
many places where they outcrop. 

The rocks of the middle and lower parts of the Edwards formation 
are principally lime, and contain accessories of magnesium and sodium. 

The Paluxy sand, as noted by Taff, near the upper border is charged 
with deleterious mineral matter, and is purer in its central portion. 

In the upper Glen Rose beds, as can be seen in the bluffs of Mount 
Bonnel, west of Austin, there are certain strata that contain strontium, 
magnesium, and sodium, which undoubtedly affect the water, as shown 
by the analyses. 

Another magnesium horizon occurs near the top of the Travis Peak 
beds, but below that these beds are very free from any unpleasant 
ingredients, as is attested by the analyses of the waters and of the 
rocks of certain of the beds. 

From these studies of the chemical nature of the waters some useful 
deductions can be made. Bad waters should be cased off wherever 
encountered and the well continued until a purer flow is struck ina 
lower reservoir. This is done in many instances. In the writer’s 
opinion, no matter how firm the drill hole, it would pay in all instances 
to drill to the lower waters and case up the well above them, in order 
to insure against the seepage of these mineral waters. In the light of 
the facts set forth in this report, it will hardly be excusable hereafter 
to allow such waters to flow, when intelligent continuation of the well 
may obtain superior supplies. 


PEAR Ee: 


ARTESIAN CONDITIONS OF THE BLACK AND GRAND 
PRAIRIES, BY COUNTIES. 


In the following pages there will be given a brief description of the 
artesian conditions of each of the counties in this region, together with 
typical well sections and other data that will afford practical aid to 
those who wish to undertake artesian exploitation. The general geo- 
logic conditions controlling the occurrence of artesian water in these 
counties have been discussed in the preceding part of this report; 
hence in the individual descriptions the geologic references will be 
brief and supplementary to the broader treatment. 


CLASSIFICATION OF COUNTIES ACCORDING TO ARTESIAN 
CONDITIONS. 


The counties lying within the Black and Grand Prairie region may 
be divided according to their artesian conditions into four general 
groups: 

1. Counties of the western border region, in which the water reser- 
voirs outcrop at the surface or are so slightly embedded that they are 
available within a few hundred feet of the surface. Although there 
are a few exceptional artesian wells in some of these counties, the con- 
ditions are in general unfavorable for obtaining flowing waters. In 
this list we may include the following counties: 


Wise. Eastland. Hamilton. 
Parker. Comanche. Lampasas. 
Hood. ? Brown. Burnet. 
Erath. Mills. 


2. Counties in which artesian conditions are largely favorable, 
and which may be said to constitute the main artesian belt. In this 
list may be placed the following: 


Somervell. Bell. Ellis. 
Bosque. McLennan. Hill. 
Coryell. Cooke. Johnson. 
Travis. Dallas. Tarrant. 
Williamson. Denton. 


3. Counties of the Red River district and eastern portion of the 
Black Prairie in which the altitude of the surface is generally higher 
452 
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than the catchment area. These counties hence are unfavorable for 
flowing wells. This district includes the following counties: 
Collin. Lamar. 
Fannin. Red River. 
Grayson County (in part). 

4. Counties of the eastern border, in which the reservoirs are so 
deeply embedded as to render them available only at great expense. 
This group includes the following: 


Falls. Milam. 
Hunt. Navarro. 
Kaufman. Rockwall. 
Limestone. 


WESTERN COUNTIES LYING WITHIN THE GRAND PRAIRIE AND 
THE LAMPASAS CUT PLAIN. 


The counties of Cooke, Montague, Wise, Parker, Eastland, Erath, 
Comanche, Brown, Mills, San Saba, and Burnet lie along the interior 
border of the Cretaceous Western Cross Timbers, where the edges of 
the formations constituting the artesian reservoirs discussed in this 
paper overlap the Paleozoic formations of the Central Province. 

In general they present from west to east five relief features hay- 
ing an important bearing upon the occurrence of underground water 
within the Cretaceous area. 

1. A western belt of broken land established upon the Paleozoic 
_ formations. 

2. A belt of sandy forested land occupied by the Western Cross 
Timbers, which surmounts the Paleozoic belt. 

3. The slope of the western scarp of the Grand Prairie, which rises 
above the Cross Timbers. 

4. The summit of the Grand Prairie, which inclines gradually sea- 
ward from the edge of the scarp. 

5. Streams flowing down the slope of the Grand Prairie or com- 
pletely across it, and occupying valleys that have been deeply incised 
below its summit level. 

The portions of these counties lying within the Central Province 
are usually unpropitious for artesian waters and do not come legiti- 
mately within our field of discussion. The portion of these counties 
within the Cretaceous area (see geologic map, Pl. LXIV) is underlain 
by the Trinity division, and the Grand Prairie and Lampasas Cut 
Plain are also underlain in part by the Paluxy division. 

The Trinity divisions outcrop at the surface within the Western 
Cross Timbers, and there constitute the catchment area for the 
embedded Trinity reservoirs to the east. The shallow surface wells 
of this area derive their water from the same strata that lie 1,800 
feet below the surface at Waco. The main belt of the Western 
Cross Timbers, with certain exceptions, is therefore unproductive of 
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artesian wells, although in a few of the valleys, such as those of the 
Trinity, Bosque, Paluxy, and Leon, shallow flowing wells are obtained 
within the area of the eastern arms of the Western Cross Timbers. 

Upon the escarpment slope and summit plains of the Grand Prairie 
and Lampasas Cut Plain within these counties flowing artesian wells 
are impossible, as the surface is higher than the outcrop of the water- 
bearing formations to the west, and the water will rise in these locali- 
ties only to the altitude of the lower-lying catchment area of the 
Western Cross Timbers. 

The valleys of streams like the Paluxy, Bosque, Leon, Lampasas, 
San Gabriel, and the forks of the Trinity, which are incised to a lower 
altitude than the outcrops of the water-bearing formations to the 
west, present in some cases favorable conditions for securing shallow 
artesian wells like those at Stringtown, Parker County, and Oakalla, 
Burnet County. 

WISE COUNTY. 


! 

This county has an area of 893 square miles. The eastern half lies 
within the general area of the Grand Prairie, the highest portion of 
which is about 1,100 feet above the sea. The western portion, occu- - 
pied by the belt of the Western Cross Timbers and threaded by the 
Trinity River, is much lower, the altitude of the valley of that stream 
varying from 956 feet at the northwest corner to 500 feet at the 
southeast corner. 

The formations exposed embrace the Washita division on the high- 
lands, the Fredericksburg division in the escarpment, and the Trinity 
division along the valley of the Trinity River. These in turn rest 
upon the Carboniferous in the northwestern portion of the county. 

The combined Trinity-Paluxy (Antlers) water-bearing strata have 
a wide area of outcrop throughout the west-central portion and are 
embedded beneath the eastern half. The surface of the prairie region, 
except in the deeply incised valley of the Trinity River in the south- 
east corner, is generally higher than the outcrop, and hence flowing 
wells are improbable. 

Only one flowing artesian well has been reported from Wise County. 
This is at Newark (altitude 692 feet), in the Trinity Valley, in the 
extreme southeast corner. This well, drilled for the Chicago, Rock 
Island and Texas Railway, is 385 feet deep and penetrated three arte- 
sian reservoirs at depths of 60, 150, and 385 feet. The quantity of 
flow is not given. 

At Rhome (altitude 923 feet), on the crest of the Grand Prairie, Mr. 
J. T. Hoggsett drilled a well 200 feet deep into the upper reservoirs 
of the Antlers (Paluxy) formation. The water rose to within 50 feet 
of the surface, or to an altitude of 873 feet. Shallow nonflowing 
wells of this character could undoubtedly be procured throughout the 
eastern portion of the county lying within the Grand Prairie belt. 


/ 
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Schedule of wells in Wise County, Texas. 
2 5 : be 
a |é ae ES 
BS lok a > Seale 
Owner. ’  Loeation. Boh al pasen ih de a 3 B1S.8 
= sé: iS) ° it 
Ba Solel a Pa es 
jo} vo > = os => |n 
isi i= [) [oa] & Ce Ip 
Feet. | Feet. | Feet. | Feet 
SOP Der eee ire Hanna, 1 mile west of...........-.. THON CG) |edeecelloesser No. x 
Colbentite ce. aoe se seee Bridgeport post-office .............. Hf} S04) S100) | occene Jsacess No, na ees 
R. Bonnifield ........-. Bridgeport, 3 miles southeast of....| 244 |....../.... 204] No. Cl eats 
Mana fies a -e.e ss Jim Ned, 2 miles east of............ 236i) soe eee OO ee es ult sae 
TD Sareenibies.a-eaecs-- Chico, 3 miles'south of .-........... Wee ||) GUO) Nessa 67 | No. UNeses 
IRREN Cochran eee Cottondale, near post-office ........ 110 | +80 |...... GO)}]meNoepen ler eee 
WeMISETOnnres see saat: Cottondale, 200 yards east of ....__. 105 65 | 100 | +50} No. i eee 
| 1; 178 | | | 
C. A. Whitehead ....... Mecatuni(Aiwells) ia... sce. oe { i L380) eee eecees No 
00 | 
Waele Gunditiesee neon: Decatur, 4 miles west of........._.. 1750 00! poe HL aa NOs ea wet leeee 
RS Den Ceiean-sasecee Decatur, 14 miles northwest of..... 200 56) | 120\ 144i VNos  laeeclesc 
| } 
AW Mambinige= = s-ei- Decaturmmlimits|of=--95-- 2. see OAS || SBN omeoee 15 || No. ii ; Vse 
eo 
TaD eHOsesettleeee wees: IRINOTC eM tee oe Necsus ta cee OSG eons tear! iN pe lore eee 
Mhe\Chicas owRocksIs sa New an keer eerie cele = ean a) 2se ele 385 (0) || USL) We ocece Gael eealwece 
landand TexasRwy. | 


a xX=yes. 

b1, soit and potable; 2, hard; 2, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, 
contains lime; 8, contains soda; 9, contains alkali; 10, contains potash; 11, contains alum; 12, con- 
tains magnesia. 


PARKER COUNTY. 


Parker County (area, 866 square miles) lies mostly within the area 
of the Grand Prairie, the 
arg een Miele 


region of the Cross Timbers ER 
orcs 


being limited to the western 
third of the county. The 
summit of the Grand Prairie 
is dissected by many parallel 
valleys, the deepest of which 
is that of Trinity River. 

The geological formations 
consist of the Cretaceous 
strata of the Washita, Fred- 
ericksburg, and Trinity di- 
visions, the Washita capping 
the highest divides and the 
Fredericksburg and Trinity 
resting upon the Carbonifer- 


5 MILES 


ous In the western portion of 
the county. Fig. 50.—Artesian map of ParkerCounty, Texas. Shaded 
portion shows areas of possible flowing wells; ©, flow- 
The whole of the Grand ing wells from Trinity reservoir. 


Prairie portion is underlain 
by the reservoirs of the Paluxy-Trinity formation at moderate depths, 


456 BLACK AND GRAND PRAIRIES, TEXAS. 


but the altitude seems unpropitious for flowing wells except imine- 
diately along the valley of Walnut Creek in the eastern part. 

Several artesian wells have been drilled which completely penetrate 
the artesian reservoirs, but with one or two exceptions the water failed 
to rise to the surface. The deepest of these wells, at Weatherford, is 
about 500 feet. 

The only flowing wells reported are from the vicinity of Springtown, 
on Walnut Creek, in the northeastern portion of the county. These 
are all less than 100 feet deep and begin and end in the lower part of 
the Trinity division. : 

Several wells have been drilled at Weatherford (altitude, 870 feet), 
but the city is too high to procure flowing water. A good supply of 
pumping water is obtained. The section of the well of the Weather- 
ford Water, Light, and Ice Company is given below. (See Pl. XIX, A, 
and fig. 19.) 


Secrion No. 49.—SrcTioN OF WELL OF WEATHERFORD WaAtTeER, LiGHT, AND IcE 
r i 
CoMPANY, AT WEATHERFORD, PARKER County, TEXAS. : 


(See Pl. XIX, A.) 


Formation. | Material. pics | Depth. 
Feet, | Feet. 

(Soil Me eee Mle ee oe ee Se 10 | 10 
Glas. oc ea.e eee en ene 18 | 28 
Paluxy ses. soso | Pack Sandi. 2-2. a= a eee Menem eee 20 | 48 
GlentRoseee--escece | Shales and limestones ......-------------- | 400 | 448 
enue \ Gravelvandisand === see ae eee ae | 6 | 454 
Mt eT RAN, ay (Ried: Clany so. i: Sak Se See en nee 34 488 


Water was struck at 402 feet. The well does not flow. 

The postmaster at Carter says: ‘*The water, both surface and under- 
ground, is failing gradually in this part of Texas. There is no ques- 
tion or doubt of this fact, as I have carefully noted the decrease for a 
period of forty-five years.” 


Tod 
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Schedule of wells in Parker County, Texas. 
: | = a fie ke if: 
Z 3 S lo | 
le ra 5 | eS | bp 
ep ier oe ey ales dy 2c eS 
2 QS et | Se Ee lsulite as 
Owner. Location. SPs os ON I ee OSS ae 
telesales) ei Sas Uist aiez ea 
s|/3 |S |e |2/ 8 le [8/9 
aH | fe) = a) IA C)P 
Feet. | Feet. | Feet | 
City water supply ..... Niestherforditereeesceseeeeecee APA eeoecligdoras ee S<oIENOS lSocollsaessaces 
Schoolhouse well......]....-. OW aascesctecesegieeseeeses BO) esoealeooscs tl, t2 | 50 | No. ma eeee 
SACD ava eeacecoeeeea= Springtown, 1 block west of | 80| 25] 50+ | t!,t2] x | No. Ie No; 
square in. 
F = 2 jl 
Uo RECOIS Sopkorasceseus Springtown post-office, 400] 70) 18 |...... tl, t2) x x { LNo. 
yards from. 2 
Six or seven wells....- Spring towne n ese seeeeeeeene Coan cee ae ee tl, t2 rere nse 
\100 J 
Vio \ivo Will Baacaaoossacacalacacs Oe aces oases cae seuee: 100} 36] 85 | tl, | No. }.---| 1) No. 
J. A. MeCrary Reno, + mile southwest of..... 100 | 30] 97 tl, t? sell |) NiO; 
J. A.M. Crary Reno, 1 mile southwest of,on | 200 |.....]...... tl, t? No --|-1 |-.e0e 
high ground 300 yards from. | 
Paes tiles en emetic In Walnut Creek Valley, 1| 85] 40] 45 Jj......|...- 3% Hoapall al. || aks 
mile west of Reno. 
Reno post-office, 100 yards | 130] 60] 70 |...... No. =|) NO. 
west of. 
WABPAUIStinicseseeereee Reno Park post-office, 100 | 147} 60 {125 |.....- No. 1; No 
yards north of. 
IRGAM Pankerisseece seer Reno post-office, 300 yards |] 157] 65 /150\ |....-- x | No Le) No: 
east of. 
INI, WeNIOP Ssosccceacs Reno post-office, 200 yards | 126 | 47 |120 |...... x | No. ol} al x 
east of. 
Chas. McFarland ....-. Aledo, 4 miles south of ........ 240) 1209) 210) eee ere xi ateete a 3 4 
JaJOnesseee stesso Aledo, 4 miles southeast of ...-| 140 | 100 |136 }...... x | No. -| 1 | No. 
WD Harm Che sen Aledo, 4 miles north of ......-- SLON E2800) |Raaecel ee ete x | No ae x 
Mrs. Higbee ..........- Aledo, 3 miles northeast of....| 189 | 145 /171+ |.-..... x | No. 1| No 
Doms cctepiee scene Aledo, 3 miles northwest of ...] 234 | 216 |.....-]...--- << ENO Is 2| No 
S. W. Middleton ...... 3|)BearGreek, ‘Tarrant County;, |)220)|oc2.s|scccee|nice cai ee NOsilee 1| No. 
1: miles southwest of. | 
| 
J. B.Carnaihanin-.. 2525 Bear Creek, Tarrant County, | 139 | 139 |.....-]....-- x | No. 2| No 
2 miles west of. 
Oxi—Jes: 
61, soft and potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, con- 


tains lime; 8, contains soda; 9, contains alkali; 10, contains potash; 11, contains alum; 12, contains 
magnesia. 
HOOD COUNTY. 

Hood County has an area of 424 square miles. This small county is 
a typical example of the dissected Lampasas Cut Plain. Its relief con- 
sists of various benches incised below the high topographic level of the 
old cut plain which is preserved in the plateau of Comanche Peak, 
at an altitude of 1,250 feet. These benches lead down to the trough 
of the Brazos River on the east, which has an altitude of from 550 to 
750 feet as it crosses the county and the Paluxy Valley on the south. 

The geological formations consist of all the Lower Cretaceous beds 
from the Edwards limestone, capping Comanche Peak, to the basement 
sands of the Trinity division, seen in the valley of the Brazos north of 
Granbury and at Paluxy village on the Paluxy. (See Pl. LXVI.) 
The Paluxy formation constitutes the surface formation of a large 
portion of the summit areas, such as the platform around Comanche 
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Peak and the high divide of the Brazos and the Paluxy in the western 
portion. It also outcrops along the western escarpment of the Grand 
Prairie in the eastern part of the county. The valley slopes and 
prairies are mostly underlain by the Glen Rose formation. The 
sequence and occurrence of the formations is shown in the Comanche 
Peak section. (See fig. 12.) 

The excessive dissection of the Paluxy formation renders it unavyail- 
able as a source of artesian supply in this county, except for a few 
nonflowing wells in the extreme northeastern portion. The Trinity 
reservoir is more completely embedded beneath the county except 
immediately along the valley of the Brazos north of Granbury, and 
constitutes an available supply for nonflowing wells. Except in the 
extreme southeast corner, the top- 
ographic conditions are unpropi- 
tious for flowing wells. 

The only flowing wells so far 
reported are in the vicinity, of 
Fort Spunky, in the Brazos Val- 
ley, and near Paluxy post-office, 
in Paluxy Valley, in the southern 
part of the county. 

The artesian wells of Paluxy 
village belong with the group of 
Glen Rose wells and are of inter- 
Fic. 51.—Artesian map of Hood County, Texas. est, inasmuch as they illustrate 

1, area of possible flowing wells; 2, area not the character of the strata of the 


underlain by Cretaceous reservoirs; @, flowing i r 
wells from Trinity reservoir; ©, nonflowing basement water-bearing forma- 


Seo Or ea eae voir; figures Indicate tions of the Trinity division. ‘The 

surface formation at this locality 

is the outcrop of the t® reservoir, from which most of the deep wells 

farther east procure water, and the impervious retaining layers are 
mostly the red and blue clays separating the t* and t’ reservoirs. 

The well of John Randall is 24 miles west from Paluxy and is 216 
feet deep; depth to first water, 30 feet; to other waters, 120 feet. A 
section of this well entirely in the Basement beds of the Trinity 
division is as follows: 


oO 6 MILES 


Srcrion No. 50.—S8crION OF WELL OF JOHN RANDALL, NEAR PaLuxy, Hoop Counry, 


TEXAS. 
Feet. 
Sand and lime rock (t?)2o2--caese oe ee ee eee eee eee ee ee eee 58 
Blue keel and! yellow claye <2 2-22 = =e ee eae are 95 
Red keel rocks s2- 2225.2 Shea sSee Bee eee ees 23 
Water: sand (‘t!) 22.52 2b ee ae ee eee eee nea 75 or 100 


Red keel. 


Mr. Randall writes: ‘‘Some of my neighbors, after passing through 
the water sand, have drilled 2 or 3 feet and found nothing but red clay.” 
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The well of J. V. Brooks, 3 miles west of Paluxy, is 202 feet deep. 
Depth of first water is 45 feet. Mr. Brooks writes: 

I think at or about 175 or 180 feet we struck a stratum of flowing water, for the 
water rose to within 3 or 4 feet of the surface and stood there until the drill went 
down to about 195 feet; then the water began to rise again and continued until 202 
feet. We went 212 feet, but the water failed to flow any stronger and we quit. 
Three other wells sunk on lower ground caused my well to quit flowing. 


In the well of Mr. Jack Underwood, 24 miles southwest of Paluxy, 
the total depth of water is 221 feet; depth to first water (t’), 65 feet; 
to other waters (t'), 210 feet. The well is nonflowing, the water rising 
about 200 feet. The well furnishes 4,500 gallons an hour. After 
the first water sands had been passed 65 to 80 feet, soapstone, or a clay 
formation, of a gray or blue color was struck; this finally changed 
color to alternate streaks of blue and red; the artesian water sands 
were encountered at about 210 feet. 

The well of Isaac Moore, 1 mile from Paluxy, is 200 feet in depth; 
first water (t’), 30 feet. It has a 3-inch flow, and furnishes 3,600 
gallons an hour. 

The wells in the Brazos Valley near Fort Spunky mostly commence 
well up in the Glen Rose beds. 

The well of Mr. H. Pinson, 14 miles from Fort Spunky, is 356 feet 
deep; depth of first water (t’), 340 feet. The first flow was struck at 
356 feet. The well is used for irrigating a garden and a cotton field. 

In the high portions of the Brazos Valley there are no flowing wells, 
but good nonflowing wells are obtained at various places at depths 
varying with the altitude. 

Mr. A. J. Peare’s well, 14 miles southwest from Neri, is 300 feet 
deep; depth to first water (t’), 80 feet; to other waters (t'), 275 feet. 
The well furnishes 500 gallons a day. The section of the well is as 
follows: 


Secrion No. 51.—Srcrion or wei or A. J. PEARE, 14 MILES SOUTHWEST or NERI, 
Hoop County, TExas. 


Thickness. Depth. 
Feet. Feet. 
IRedielaivgyene sere ae hiss we sows ecis cede dee eee Reet Sant ise 10 10 
[ACRES Gee ee rare es a So oo ec aya ainyain ls BOE ese male 30 40 
FIBSIITINC SIO. @ Kener Ta a Bl ney ls Sera inlyefe ape sere te 230 270 
Sanduclavaan devellowakeele saa scs 45024 - eee eee eee ee 30 300 


W.4J. Johnston, of Neri, states that the wells range from 150 to 300 
feet deep, and says, ‘‘ We have one well in our neighborhood that is 
465 feet deep; it does not flow, but is the deepest well in the county. 
The water rises 300 feet.” 
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The well of B. W. Camp, 2 miles south of Neri, is 415 feet deep; 
depth of first water, 35 feet; to other waters, 293 feet. The well is 
nonflowing; water soft, with trace of sulphur. A partial section is as 
follows: 


Section No. 52.—PARTIAL SECTION OF WELL OF B. W. Camp, 2 MILES souTH oF NERI, 
Hoop County, Trxas. 


Thickness. | Depth. 


Feet. Feet. 
Soil and. clay) 2322 0< bab eee eee eee ee eee eee Eee 8 8 
White pack isand /(t3))-c.2232 tc 2s seca eee ere ee 10 18 
Lime rocks22c Shouse hl lG Soke See SEE eee ee Rees 17 35 
Sand; firstiwater (7) Se. ss ihe a oe ee eee eee 2 37 
Rock 2.2 3.2 2 hoe eee Sees ee ee eee 33 70 
Soapstone’. 225 5-Lke 2 Se eee ee eee eee eee 20 90 
Rock, with a thin'stratumtof blueimuds: 3. osesese see eee 160 250 
Bltié sand rocks o-32 4 Asacgec ooo eee eee | 40 ' 290 
Second water (t?) at ! 293 


Cresson, in the extreme northeastern corner of the county, lies upon 
the slope of the Grand Prairie toward Fort Worth. Good nonflowing 
wells are obtained at this place from the Paluxy sand. The postmaster 
gives the following section of the well of the Cresson Water Supply 
Company, which supplies 22 families with water: 


Secrion No. 53.—SECTION OF WELL OF CRESSON WATER SupPPLY CoMPANY. 


Thickness. Depth. 


Feet. Feet. 
Soiliand clay, (Washitadivision))-2222--4- oss4-s-4-eee= eee ee 100 100 
Solid rock... {2 cc2 eee Sos ee ese eee eee eee 20 120 
Rocky clay (Walnut formation))2 25 .s-2=--ee==-eEene eee a= | 100 220 
Sand and: hardpan... ==. 2222432 22 ocece eee eee eee ee eee 50 270 
Stratum (of whitelsand 22222 = a2) eee eee eee ees | pee e ees samt 
Blue hardpan 2222-420. 32 - secce cn seen eee eee eee Si |socees eee 
Water-bearing white fine sand soe eseeeea serene eee = SoaSeusee Sccasosse 


Blue hardpan 25252 be n2s0 soo ee see ee ee eee eeeeeiscs seme ceeemerseee 306 
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Schedule of wells in Hood County, Texas. 


~ d . 
2 Sle ealsals 
Ree ar Ieee al lhe 
Silom) @ Weenies: |S le ial 
Owner. Location. = ale = & |» | Tale 
Se |S ES lh, «ll & he i) cee) ESS 
= - = 5 a 
a a > a ~ o 5 i= a 0 
6 |2 eEpealipe| S ee Sal om |pesa nies 
H/A |OoO lal = |& |B lalic¢i 4 
Feet. | Feet, | Feet 
J. Underwood ......... Haluxy, 3 milessouthwest | 172 | 30 ]....- tn tec Sa NOME <atieLa |< 
of. 
JeiRandalleeeassce cies Paluxy, 2} miles west of...) 216} 30!120] r | t8t?tl {..... mee |} SW AE |) bee 
J. Underwood ......-... EalOxy, 2: milessouthwest| 221} 65) 210; r{ t#t!| x | No| x |7] No 
of. 
DSHS Waltonys.-22--=.- Raley 2 miles northwest | 240} 40 |] 235] rj{ t?tl }_.... x 51,90 No) 
of. 
TR PNEOOLe See peecieies. Paluxy, 1 mile southwest | 200 | 30 |....- ceee[eceeee x Se [es ial) Sx 
of. | 
eM OLAWaN beeen noe JEW DOS An aeclestrrer ene en ae eee BY (SAAR eerie tel Pes Sn ee tes Sy Peeler) NO 
Paluxy, within 100 feet of |/190 
W. F. Larned.......... Se eosbgiice (2 wells) Kuso. (200 | 180) | t1..... x |x |1] x 
W.'S. Bthridge :---.- 2. Palumyge cose eates eae. 236 | 150 |....- 622 tet | eee x ao 1| x 
M. AS Meeker see =s-= = Tolar, 3 miles northwest of.| 277 | 60 |..... cod) 19524) $4) 1/ANOMiGece {i 
Weds BOwers)sseee5s2- Tolar, 2miles northwest of.| 260 | 80] 250 |....| pt? | x | Noj....)1]| No 
Ja wWeee Owe less: == 2 /eric Tolar, 2 miles east of .-.--. 250 | 204 |..... -«-=| pt#'}) x | No}j-.--| 1) No 
JRE Chernyyae sass Tolar post-office, northeast | 240 | 225 |..... Been Da NON ENON Seee ele | eNO: 
from. 
W. L. McGaughey ....- Tolar, 10 miles west of | 230 | 180 |..... Fecal) mDteale lle NO} |Seee|n2n ua 
Granbury. 
Ba We Camiprrs-seoeee Neri, 2 miles south of ..... AL 5a Son 293i |neae | ep taal <a NOM ene eln | NO 
AJ Peane = ese tenes Neri, 1; milessouthwestof .} 300 | 80} 275 |....|...... SI Notl eae No 
Swbdens 2S saecehececs Hore Spunky, 3 miles west } 290 | 190 ].....|.... lesemce| saat x all ale|} < 
of. | 
He Pinsony=5-a-.0- 2426 FortSpunky, 1; milesfrom.| 356 | 340 |.....|.... | Pacis | seiner x a EL EX 
Cresson Water Co...-.-- Cresson, 300 yards south of.| 308 | 60 }.....).... eesonts <I BNON | Feeclel | peNO 
Se BIOOKS sane] ack eens Cowan, 3} mile east of......| 202 | 45 ]..... ern hse, | NoPeae| ele eNO 
De icixklandhye sees e see. Thorp Springs, 3 miles | 108| 35 |..... hs sales pa x | No|j..--|2| No 
west of. | | H 
a X=yes. 


61, soft and potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, con- 
tains lime; 8, contains soda; 9, contains alkali; 10, contains potash; 11 contains alum; 12, contains 
magnesia. 

ERATH COUNTY. 


Erath County has an area of 1,091 square miles, and is of varied 
relief. It consists of a high crown or table-land, a remnant of the 
Lampasas Cut Plain, which extends irregularly northeast and south- 
west through the county, sending tongues of upland southeastward 
between the streams, and terminating abruptly on the northwest with 
an escarpment overlooking a low area in the northwest corner of the 
county. The highest altitude is on the plateau to the northwest of 
Stephenville, 1,600 feet, while the streams flowing in all directions 
from this summit area cut down to a level of 1,000 feet at the margins 
of the county. . 

The outcropping rocks consist of formations from the Walnut to 
the basal Trinity (Pl. LX V1), inclusive, the former capping the high 
divides along the summit of the plateau from Dublin northward and 
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the latter being exposed at the base of the western escarpment and 
in the stream cuttings of the Paluxy in the extreme eastern portion. 
This group of rocks rests unconformably upon the Carboniferous 
formations which outcrop in the northwestern portion in the vicinity 
of Wylieville and Thurber. 

The Cretaceous formations above mentioned haye a very slight dip 
to the southeast, and are incised in all directions by the stream valleys, 
so that they are cut and torn on every hand and their capacity for 
perfect artesian conditions in this county is destroyed. 

The group of Cretaceous strata outcropping in this county includes 
at least four distinct water-bearing formations, three of them belong- 
ing to the Trinity division (t’, t”, t®), and the fourth being the Paluxy. 
Owing to the dissection of the strata by numerous canyons their 
waters are not artesian except in the extreme eastern portion, near 
Bluffdale, on the Paluxy, and possibly just below Hico, on the Bosque. 
Nevertheless, the strata are so easily within reach that they constitute 
the source of numerous drilled wells in all parts of the county except 
in the Carboniferous area. 

Flowing artesian wells have been obtained on the extreme eastern 
edge of this county, at Bluffdale, in the valley of the Paluxy. This 
locality probably represents the western limit of possible flow in the 
Paluxy Valley, the wells of which are more fully described under the 
head of Somervell County. 

The Carboniferous area in this county, as elsewhere, presents unfa- 
vorable conditions for procuring artesian waters. One of the costliest 
and most barren artesian experiments was made at Thurber, in the 
extreme northwestern portion, by the Texas and Pacific Coal Com- 
pany, which sank a well 3,050 feet through the Carboniferous strata. 
According to Mr. W. K. Gordon, superintendent of the company, this 
well penetrated through shale and slate for the entire distance. 

Another notable artesian failure was the experiment at Dublin. 
This village is situated upon the top of a high divide, from which the 
outcrop of the Trinity formation may he seen in the valleys on either 
side, some 400 feet below. Notwithstanding endeavors to discourage 
the attempt to secure an artesian well at this place, persons who 
did not believe that geological principles govern artesian conditions 
insisted upon drilling this well and suffered great financial loss. 

The following letter from Mr. F. W. Morrison, a well driller of 
eighteen years’ experience, ably describes the underground water 
conditions of this county. The symbols of the reservoirs haye been 
inserted in brackets. 

This is one of the best-watered counties in the State. Every farm man in the 
county can get plenty of water either from a spring or a well not over 250 feet deep. 
I have drilled\ever 100 wells, probably one-fourth of all in the county. The water 
occurs in strata reaching through the county. They mostly dip southeast; the 
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highest-one [the Paluxy reservoir] is beneath the prairie, 3 miles north. I have 
bored about 40 wells in that stratum, which runs deeper to the east. Twenty miles 
east of Stephenville this water is 175 feet below the surface. This stratum can 
be traced by springs and running branches through the county on the east of 
Stephenville and for 9 miles on the west. Thisisavery strong stream; a good wind- 
mill can run all the time. There are 40 or 50 windmills on this prairie, 6 running 
branches on the east and 2 on the south, which do not seem to exhaust the supply 
any. The water isa little hard; 50 feet under this first reservoir is the second [t*], 
not so strong; about 100 feet below this second is a third [t?], about the same; under 
this 200 feet is the fourth [t!], very strong. 

Northeast of Stephenville 15 miles, at Bluffdale, on the Fort Worth and Rio 
Grande Railway, are several flowing wells from the fourth [or t'] stratum. At 
Bluffdale the reservoir is about 100 feet below the creek and the water will rise 
above the creek 75 feet; but the railroad has put in a pump that stops the flow in 
all the other wells in 20 minutes after it commences pumping. These flowing wells 
are on the Paluxy, and can be obtained east through Erath and Somervell counties 
along this creek. 

I will give you the description of one well, which will hold good for many others 
in this and adjoining counties as to quality and quantity. This well is in Stephen- 
ville, and runs a large gin, corn mill, and electric plant, and will afford 7 gallons per 
minute all the time. The beginning is mostly soil, and then a yellow clay, or rather 
lime rock; at the bottom of that is a seep and then the blue lime rock, mostly com- 
posed of shell, which is known as the concrete shell. Some of this is very hard, 
with layers of black soapstone or slate to the depth of 165 feet from the surface of the 
ground. Then comes whitish clay, which changes color to blue-green, light-red, and 
dark-red sand [p]; then coarse sand, which is the water sand, and water 185 feet. 
Under this sand was a vein of very hard lignite 5 feet thick; it has been struck at 
three or four other places, but never tested. This isin the fourth stratum, and is 
200 feet deep. There are 13 such wells in less than one-half mile. 

The surface stratum here is No. 3 [t?], which is about 40 feet. There are hun- 
dreds of wells in it, some strong enough to run a windmill. No irrigation in this 
county. The above distances and directions are mostly guessed at, but about correct. 


The following data from various correspondents will convey an idea 
of the character of the strata penetrated and depth to water in various 
portions of the county: 

Postmaster at Dublin states that wells in that section vary in depth 
from 16 to 200 feet. One well in Dublin is 400 feet deep, the water 
rising to within 8 feet of the surface. 

Joseph Perry, who lives 2 miles east of Pizarro, says that his well is 
218 feet deep and does not flow; the first water was 204 feet from the 
surface. There are six drilled wells in an area 3 miles square, varying 
from 250 to 300 feet in depth. 

George Jackson owns a well 4$ miles southeast of Bluffdale. It is 
190 feet deep, and the drill penetrated common clay and gravel until 
first water was reached at a depth of 48 feet; then came a blue soap- 
stone, next red clay or keel, and finally white sand, at a depth of 190 
feet. Water rose to the surface of the ground when the white sand 
was reached. 

W. O. Herring, who drilled a well 1 mile east of Skippers Gap, 
says that the first 28 feet was gravel and the balance was lime rock 
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until water was obtained in pack sand 138 feet from the surface. The 
well does not flow. 

J. H. Herring, who has a well located 1 mile east of Skippers Gap, 
writes that he struck first water, which was weak, at a depth of 173 
feet and second water at 190 feet. The depth of water in this well is 
9 feet, and the windmill will not lower it. The nearest flowing well is 
10 miles to tho east. 

T. L. Stigler, who has a well 137 feet deep, 1 mile south of post- 
office at Chalk Mountain, gives the following record of strata: A 
white lime rock for 75 feet (e), then 30 feet of blue clay (f), and the 
remainder interspersed with sand and gravel (p). There are many 
similar wells in this locality, ranging in depth from 140 to 200 feet, 
though generally the supply is much better, being more than can be 
pumped out by a windmill. 

W. H. Chaney has a well 2 miles south of Clairette, which is 215 
feet deep. He states that his place is located about 14 miles from the 
Bosque River, near the edge of the timber. The well passed through 
rock and clay for about 160 feet, and then struck sand (p), which con- 
tinued until finished. The sand seemed to get softer with increased 
depth, and after water was struck it seemed to be quicksand. The 
water is generally struck at from 200 to 275 feet in this region and is 
good for drinking. 

J. L. Blackstock, well driller, of Highland, gives the following 
information: 


I have gone down as far as 306 feet for water, but sometimes got it at 20 feet. 
In deep wells we first go through the soil, which is of dark sandy loam; then clay 
of different color and rock for 40 to 60 feet; then into a blue rock which varies 
from 2 to 8 feet, which is very hard to drill in; then into .a kind of blue clay which 
varies from 20 to 75 feet; through this into white sand until we come toa bed of gravel 
of all shapes and colors, in which is plenty of water which can not be exhausted. 


Schedule of wells in Erath County, Texas. 
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ax = yes. 
b1, soft and potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, con- 
tains lime; 8, contains soda, 9, alkali; 10, contains potash; 11, contains alum; 12, contaims magnesia, 
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: Schedule of wells in Brath County, Texas—Continued. 
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EASTLAND COUNTY. 


Only the southern half of Eastland County lies within the Cretaceous 
area, and in this the conditions for securing artesian water are not 
favorable. 

Costly artesian experiments have been made in the Carboniferous 
rocks of this county at Eastland and Cisco. At Cisco a well was bored 
1,680 feet. (Seefig. 52.) Salt water rose within 25 feet of the top, and 
the work was discontinued; it cost between $3,500 and $4,000. Alti 
tude at Cisco is 1,600 feet. The strata were all of the Carboniferous. 

At Eastland, according to Roessler, a well was bored 500 feet and 
discontinued. A second well with 6-inch bore secured salt water at 
1,300 feet, but there was no flow. The two wells were bored in 1882 
and cost the owner $3,500. 
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Section No. 54.—SECTION OF ARTESIAN WELL LOCATED ON HILL 


125 FEET ABOVE TOWN OF Cisco, EAstLAND County, TEXAS. 


(See fig. 52.) 
Stratum. Thickness. Depth. 
Feet. | Feet. 
4. Conglomerate in situ; thin eroded stratum | 10 10° 
3. Blue limestone in beds with crinoids; 
thin stratumys 2 620 eee eee 30 | 40 
2. Blue and red argillaceous clays, here | 
called soapstone; slightly arenaceous. - - 1,160) 1, 200 
1. Hard blue limestone in which artesian 
well drill was working ~.2----.-22---2-. 200 | 1, 400 
| 


Fic. 52.—Well hole 
at Cisco, Texas. 
(See Section 

No. 51.) 


With the possible exception of the first 10 feet all 
of this section consists of Carboniferous strata. 


COMANCHE COUNTY. 


Comanche County has an area of 954 square miles 
and consists of a greatly dissected remnant of the Lam- 
pasas Cut Plain, as found in a range of buttes and 
mesas extending through the county, out of which have 
been eroded the wide and deeply incised valleys of the 
Leon drainage. The area of the county is about one- 
half divided between upland caleareous prairie and the 
sandy soils of the Western Cross Timbers and Carbon- 
iferous formations, which are found in the lower slopes 
and valleys. The youngest rock is the Edwards lime- 
stone, which caps the Cut Plain buttes, and the oldest 
rocks are the Carboniferous formations, which are found 
in the valleys of the Leon and its tributaries, in the 
northern half of the county. | (See fig. 23.) 

The conditions for procuring artesian waters in this 
county are almost entirely unfavorable, owing to the 
fact that the water-bearing formations either outcrop at 
the surface or, where embedded, are without sufficient 
head to raise the water to the surface. Hundreds of 
ordinary wells are found in the county, however, which 
are mostly supplied from the lowest strata of the 
Trinity division. Such is the case with all the wells in 
the county seat. 

BROWN COUNTY. 

Brown County presents no favorable conditions 
for procuring artesian waters from the Cretaceous 
strata. As shown upon the geological map, the Trinity 
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formation outcrops across the eastern part of the county, but all the 
county overlying it in the eastern half is at a much higher altitude 
than this outcrop. 

Numerous drill holes (in some instances 1,100 feet or more in depth) 
have been sunk in the Carboniferous rocks near Brownwood in search 
of oil. The water from these wells does not flow, and is usually salty 
and unfit for domestic use. 


MILLS COUNTY. 


Mills County, with an area of 696 square miles, lies about half within 
the western border of the Lampasas Cut Plain and half within the 
Paleozoic basin of the Colorado River. The parting between these 
different types of topography runs in a northwest-southeast direction. 
The eastern half of the county, within the Lampasas Cut Plain, is high, 
varying in altitude from 1,400 to 1,700 feet. This portion is underlain 
by the Trinity reservoir, which outcrops along the parting line 
between the types of country mentioned. The country beneath which 
it is embedded is higher in altitude than the outcrop, however, and 
hence flowing wells would be impossible. The western half of the 
county is underlain by the Paleozoic formations and is unpropitious 
for artesian wells. 

Good nonflowing artesian wells are obtained in places, however. 
H. Avery states that his well is located 14 miles east of Antelope Gap, 
and is 236 feet deep. A windmill is used to raise the water. In drill- 
ing the well lime rock, blue clay, hard red rock, gray rock, white 
sand and gravel, and plenty of water were encountered. 

George W. Jackson states that his well is located 3 miles east of 
Goldthwaite and is 104 feet deep. It is nonflowing. The section of 
the well is as follows: 

Section No. 55.—SEcTION OF WELL or G. W. JACKSON, 3 MILES EAST OF GOLDTHWAITE, 


Mitts County, Texas. 


Thickness. | Depth. 


| 

| Feet. Feet. 
IBIMC GO ob05 ccs BS See SS eee as ests eaetoere tu | 8or 10 10 
Challkeyaic lay Aenea ene ean saan koe eee eee | 10 20 
Iie, nile. so Seek eeag es Sees ae ee eee eee arr ener | 80 100 
Rackasandnwiltihinwatensecsecrs ies ata c\cinletoe cs ccem eee cae 4 104 


J.R. Graves reports that his well is located 1 mile from Center City, 
and is 245 feet deep; depth of first water, 85 feet. It is nonflowing, 
the water rising 10 feet above the level at which it was reached. The 
well furnishes 2,000 gallons of soft water daily. He states that some 
of the wells in this section are inexhaustible. 
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HAMILTON COUNTY. 


Hamilton County (area 849 square miles) is situated near the western 
border of the Lampasas Cut Plain. It consists of high prairie land, 
mostly above 1,000 feet, except in the extreme northeastern corner, 
where the Bosque River has cut a valley down to 900 feet. The 
highest point, according to the topographic map of the United States 
Geological Survey, has an elevation of about 1,600 feet. Therefore 
all of the county except in the incised valley of the Bosque near Hico 
lies above the height to which artesian waters will rise. 

The county is underlain by all the water-bearing formations from 
the basal Trinity to the Paluxy, inclusive. They are available for 
deep nonflowing wells at depths varying with the altitude of the surface 
and the dip of the formation, as shown upon the geological map and 
cross sections. 

Although flowing wells are probably not obtainable in this county, 
the Paluxy and Trinity reservoirs at shallow depths furnish , good 
supplies of water. 

The postmaster at Fairy states that drilled wells run from 80 to 400 
feet in depth. The postmaster at Hico reports that bored wells are 
100 to 250 feet in depth, with fine cold water in the deeper wells. The 
postmaster at Indian Gap says that in that locality the wells are nearly 
all drilled, and are from 75 to 250 feet deep; nearly everyone has a 
windmill. The postmaster at Pottsville says that the average depth 
is 150 to 300 feet. He had one drilled 305 feet but did not get any 
water. 

R. M. Brandon, postmaster at Lancing, says: ‘‘ There are no flowing 
artesian wells in this neighborhood. We all have drilled wells; on the 
high prairie they run from 70 to 100 feet deep; in the valleys from 
150 to 200 feet, with fine water.” 

T. C. Pierson, who has a well 166 feet deep 253 miles from Lancing, 
reports that within 3 miles of his place there are three wells ranging 
in depth from 156 to 165 feet. 

Patrick Kavanaugh, of Fairy, reports a well drilled by him 2 miles 
east of Fairy, and says it is located on a range of hills about 100 feet 
above the surrounding country. The water is obtained from a rock 
full of small holes, which allow the water to run through it. This 
rock is generally called honeycomb rock in this section. 

At Lanham there are two wells, one bored 470 feet and another 500 
feet; in both a layer of material was encountered that made it impossible 
to proceed with the work, and it was abandoned. 

S. W. Kilpatrick has a well 234 feet deep 14 miles southwest from 
Hico, in which the following material was penetrated. 
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Section No. 56.—SEctioN OF WELL oF S. W. Kiiparrick, 13 MILES SOUTHWEST FROM 
Hico, Hamruron County, TEXAs. 


| Thickness. Depth. 
Feet. Feet. 
JBIAGE GOMll. sos. Sayaka ee See eee eee nee ee ee | 2 2 
pellowmclaywan Wer ayCles. sas =ciqaceccws/as esl 2= 0c sen 16 | 18 
Altermmate layers/ot soft and hard blue rock -.-.-..-.---2----- 182 200 
IPRGE SOING : cast Bact seo eae eee aes ae aera ee eee ee ee 18 218 
SAMARIA MOT LO mpene en: eee lan emer wa tere Cla c elma 6 224 
SOM TRIOS Zhe Gbspe eset aes ee eS ee ee ee | 4 228 
JERMOIS SIO Ss apn oe ie eI Ee Pe | 6 | 234 


C. R. Warren, well driller, reports a well drilled by him 3} miles 
northeast of Hamilton, in which he penetrated very hard lime rock 
180 feet and sand rock 50 feet. 

J. N. Stuart owns a well one-half mile west of Ondee. He says: 
‘**The strata consist almost entirely of blue rock to the pack sand, in 
which water was found. ‘The well is 140 feet deep and does not flow.” 

A. F. Rainwater, who has a well 124 feet deep one-half mile east 
of Ondee, states that the rock passed through was blue limestone and 
marl until a depth of 80 feet was reached; the remainder was pack 
sand; the first supply of water (at 98 feet) is not very copious; the 
second is decidedly so. He also says that this part of the country is 
being well supplied with drilled wells. 

G. W. Lloyd, who has a well 105 feet deep about 14 miles southeast 
of Ondee, says: 

The description of my well will apply to two wells on my place about a mile apart, 
and, in fact, to all wells in the neighborhood [Leon Valley], the only difference 
being in altitude of the place where the well is bored. We first pass through a 
stratum of earth, then clay, then, at an average depth of about 40 feet, a layer of 
grayel 5 or 6 feet; then blue lime rock, sand rock, and, finally, pack sand, in which 
we find an abundance of water. The water usually does not rise much above where 
we first strike it, so in order to get plenty we drill down far enough below to give us 
a sufficient space for plenty of water. My impression is that we live 12 or 15 miles 
aboye the flowing district on the Leon; at any rate at about that distance down the 
country I know of several flowing wells. 
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Schedule of wells in Hamilton County, Texas. 
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aX = yes. 

b1, soft and potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, con- 
tains lime; 8, contains soda; 9, contains alkali; 10, contains potash; 11, contains alum; 12, contains 
magnesia. 


LAMPASAS COUNTY. 


Lampasas County has an area of 723 square miles and is topograph- 
ically dominated by the high remnantal summits of the Lampasas Cut 
Plain. These summits form two irregular chains of flat-topped mesas 
extending northwest and southeast through the county. One of these 
follows the eastern boundary. The other, constituting the western 
escarpment of the Cretaceous area, passes through the western third 
of the county and overlooks a wide belt of lowland leading down 
to the valley of the Colorado on the west. (See topographic map of 
Lampasas quadrangle published by United States Geological Survey.) 

This plateau is extensively dissected (see Pl. XIII) by streams flow- 
ing eastward into the Lampasas River, or westward down the escarp- 
ment to the Colorado. 

The northern and eastern portions of the county are underlain 
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by the basement sands of the Lower Cretaceous, but these are some- 
what attenuated, and they are so much dissected by erosion that they 
have not yet, so far as reported, yielded any flowing artesian wells, 
although the valley of the Lampasas, in the northeastern portion of the 
county, seems propitious for them. 

The geological features consist of the subhorizontal Lower Creta- 
ceous formations (Fredericksburg and Trinity divisions) resting 
unconformably upon Carboniferous limestones and sandstones, which 
are exposed along the western third of the county and in a peculiar 
inlier within the Cretaceous area just south of Lampasas. 

An exceptional and unique hydrographic feature found in this 
county is a group of copious springs which break out from the Paleo- 
zoic rocks at Lampasas. ‘They discharge a great volume of water, and 
have long been noted in Texas for their hygienic properties. Hot- 
water springs are also reported to occur in the bends of the Colorado 
below Lampasas, at the southwest corner of the county and at the 
southeast corner of San Saba County. 


BURNET COUNTY. 


Burnet County has an area of 992 square miles. The high crest 
of the western border scarp of the Lampasas Cut Plain runs from 
northwest to southeast across this county. ‘To the west of this line is 
the low valley of the Colorado River imposed upon the older Paleozoic 
rocks. The eastern half of the county consists of high divides of the 
Lampasas Cut Plain rising to altitudes of 1,600 feet, sloping to the 
eastward and incised by the headwater drainage of the Lampasas and 
San Gabriel rivers, the former cutting down to 1,300 feet in the 
extreme northeast corner. 

The Cretaceous formations are of the Fredericksburg and Trinity 
divisions, with the accompanying artesian reservoirs. All of the sur- 
face is too high above the catchment area to permit of flowing artesian 
wells except at Oakalla, in the extreme northeastern corner, where a 
flowing well has been obtained. This well is only 96 feet deep. We 
have two reports from this locality, but it is uncertain whether they 
represent one or two wells. Mr. J. M. Kincaid reports a well 96 feet 
deep ending in blue limestone, while Mr. C. R. Warren, weil driller, 
reports a flowing well 1$ miles north of Oakalla 82 feet deep, termi- 
nating in granite. It is evident that less than 100 feet of the basal por- 
tion of the Lower Cretaceous strata are penetrated at this locality and 
that the water here rises to a higher altitude than at any other place 
within the Cretaceous area. 


COUNTIES OF THE MAIN ARTESIAN BELT. 


For convenience of discussion we have grouped together certain 
counties constituting a belt of country extending north and south 
through the center of the Black and Grand Prairie regions under the 


472 BLACK AND GRAND PRAIRIES, TEXAS. 


head of the main artesian belt. This group includes the counties of 
Cooke, Denton, Tarrant, Dallas, Johnson, Somervell, Coryell, Ellis, 
Hill, Bosque, McLennan, Bell, and Williamson. 

In these counties the most favorable conditions for artesian waters 
exist, and the most extensive development has taken place. 

The artesian conditions prevailing in these counties, while possess- 
ing some features in common, are not entirely identical. In fact, they 
may be arranged in two major geographical subgroups presenting 
analogous conditions, each of which may again be subdivided. These 
groups may be enumerated as follows: (a) Counties situated south of 
the Brazos River: Somervell, Coryell, Bosque, McLennan, Bell, Wil- 
liamson, and Travis; (b) counties north of the Brazos: Cooke, Denton, 
Tarrant, Dallas, Ellis, and Hill. The first group mentioned is princi- 
pally distinguished by the absence of the Woodbine formation and the — 
deterioration southward of the Paluxy formation and the gradual 
appearance and replacement of the latter by the strata of the Freder- 
icksburg division and Glen Rose formation. ' 

The second group of counties lying north of the Brazos is distin- 
guished by the occurrence of the Woodbine, Paluxy, and the Antlers 
(united Trinity-Paluxy) formations as sources of artesian supply. 


Counties South of the Brazos. 


Of this group of counties Somervell, Coryell, and Bosque form a 
subclass by themselves, lying entirely within the area of the Lampasas 
Cut Plain. The remaining counties mentioned, Travis, Williamson, 
Bell, and McLennan, lie along a north-south belt, through the center 
of which extends the Balcones fault zone. This fault zone makes a 
serious break in the position of the strata, and on each side of it the 
artesian depths and conditions are quite different. 

The western portion of the Lampasas Cut Plain, as has been explained, 
is deeply incised at various intervals into deep valleys, often 500 feet 
below the remnantal flat-topped divides and mesas of the plateau so 
often seen standing in Hood, Erath, Comanche, Bosque, Hamilton, 
Coryell, and Lampasas counties. These thinly settled divides are 
usually capped by the hard, sterile Edwards limestone, while the wide 
valleys between them are occupied by the fertile soils of the Lower 
Cretaceous formations or rich stream alluvium, upon which is settled 
most of the agricultural population of the region. In some of these 
valleys, such as those of the Paluxy in Somervell County, the Trinity 
in Parker, and the Cowhouse in Lampasas, are numerous shallow 
flowing artesian wells which have been inexpeusively drilled by the 
farmers. (See figs. 12 and 48.) 

Shallow wells of this character have been most extensively developed 
in the valley of Paluxy River from above Bluffdale, Erath County, to 
where the Paluxy empties into the Brazos. The total area of the 
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Paluxy Valley from Bluffdale to its mouth and of the Squaw Creek 
Valley, where this series of wells is obtainable, is over 200 square 
miles. 

SOMERVELL COUNTY. 

Somervell County is the smallest county in Texas, its area being 
about 200 square miles, or less than one-fourth that of the average 
county in the State. Notwithstanding this it is perhaps better sup- 
pled with underground water than any other county.' 

This county is situated within the heart of the Lampasas Cut Plain, 
the mesa-capped summit of which rises to 1,300 feet in the southern: 
corner of the county. Below the level of this plain are the deeply 
cut valleys of the Paluxy River, running from west to east, and of the 
Brazos River, in the eastern portion of the county. (See fig. 12.) The 
former stream has an altitude ranging 
from 775 feet upon the extreme west to 
about 575 feet at its mouth. The altitude 
of the Brazos is about 650 feet at the 
northern edge of the county and 560 feet 
at the southeastern corner. These stream 
valleys are incised from 600 to 700 feet 
below the summit of the cut plain and are 


bordered by wide and fertile alluvial ter- Wee ae, 
\ oon te 

races upon which is settled the principal Tae 
5 < a Fie. 53.—Artesian map of Somervell 
agricultural population. The uplands are County rexacue cnaacdeportion 
notadequately shown upon the topographic indicates area where flowing 
: ; wellsshould be obtained from the 
map. Basement Trinity reservoir; @, 
The county is underlain by the Paluxy flowing ee ie Recs 
O84 na 6 5 ae servoir; figures indicate depth o 

and Trinity formations. The Paluxy for- elisa tear. 


mation is situated near the top of the 
‘‘mountains,” as the remnantal mesa summits of the cut plain are 
called by the people, forming a crown of elevated sandy forested 
land just below the chalk capped summits. This formation is cut by 
erosion upon every side and hence has no artesian value in this county. 

The Trinity reservoirs extend beneath the whole area of the county 
and are available 750 feet beneath the high summits of the plateau 
and 30 feet below the bottom of the incised valleys, as at Glen Rose. 
These waters will not rise, however, above an altitude of 750 feet, and 
therefore the area of flowing wells is limited to the slopes and alluvial 
terraces of the Brazos and Paluxy and a few of the tributary creeks. 
(See tig. 53.) 

The water from the shallower wells is usually charged with mineral 
matter. Asa rule this mineral water can be cased off and a better flow 
obtained by going to the deeper and purer sands. 


14 topographic map of Somervell County will be found on the Granbury atlas sheet of the United 
States Geological Survey. 
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The geology of the county is very simple. The rocks consist of a 
series of formations ranging from the Edwards limestone, which caps 
the summit of the plateau, to the upper or Bluffdale sands of the Trin- 
ity division, which are exposed along the Paluxy River, in the western 
portion of the county. The details of these formations are fully 
described under the head of the Comanche Peak section. (See fig. 12.) 

DEVELOPMENT. 

Somervell County has so many flowing artesian wells that it has been 
impossible to obtain a correct enumeration of them. There are nearly 
200 flowing wells, varying in depth from 30 to 300 feet, all of which 
begin in the various horizons of the Glen Rose formation below the 
Paluxy sands and reach into the Trinity reservoirs. They occur upon 
nearly every farm along the valleys of the Paluxy and Brazos, and each 
household in Glen Rose, the county seat, has one or more of them. The 
number of wells in Glen Rose alone has been reported as high as 200, 
but according to Dr. Frank Burns, of the Geological Survey, who 
attempted to obtain exact information on this subject, there are about 
70 flowing wells in this place. They are used for domestic purposes, 
for watering stock, and in many cases for irrigation. They vary in 
flow from 10 to 300 gallons per minute, the smaller flows usually being 
from small bores and wells which do not reach the main supply. 

Following is a list of the artesian wells reported: 


Schedule of wells in Somervell County, Texas. 
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a1, soft and potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, con- 
tains lime; 8, contains soda; 9, contains alkali; 10, contains potash; 11, contains alum; 12, contains 
magnesia, bx =yes. 
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In the valleys of the Brazos and Paluxy the artesian wells begin at 
the surface very near the base of the Glen Rose formation. In the 
village of Glen Rose it is only 30 feet to the uppermost of the Trinity 
reservoir (t*). The Paluxy River flows over this formation in the 
western portion of the county. 

The following notes upon the artesian wells of the county will show 
their general character. At Paluxy, in Erath County, just west of 
the Somervell line, and down that stream for a few miles, artesian 
wells are obtained from the lower or t' reservoir at depths of only 2 
little over 100 feet. These wells begin in the t*® sand, below which 
they penetrate about 67 feet of thin limestone. Between the county 
line and Glen Rose are many excellent wells upon the various farms. 
Mr. William Lanham, who lives 6 miles west of Glen Rose, has an 
8-inch well which discharges about 400,000 gallons of freestone water 
a day. 

The following log of the well of Mr. John W. Campbell, at the hotel 
in the village of Glen Rose, as reported by Dr. Frank Burns, is typical: 


Section No. 57.—SECTION OF WELL OF JOHN W. CAMPBELL AT HOTEL IN VILLAGE 
oF GLEN Rosk, SoMERVELL County, Texas. 


Thickness. | Depth. 

Feet. | Feet. 
AM ioite: am dale limestone ess ee ce -2 see sae see acl 56 | 56 
Sis levelke em) (1?) sae sees eS Sane el aera mee eee ee a 40 | 96 
2s biuemarisumsthinvlayers 2... 222-52 0225. se eeen esse = 67 163 
Il, JeBvOlS SanGl (4) iodea tenet aes eee Pee SE ere 10 173 


It is remarkable that no accurate log of any of the wells drilled in 
this vicinity has been kept, and it is therefore impossible to state the 
exact nature of the water-bearing formations which are here so near 
the surface. It is not positively known how many reservoirs have 
been penetrated beneath the village, how deep was the lowest one 
reached, or whether the Basement sands have been completely pierced 
to the Paleozoic floor. Here, within convenient reach, at depths of 
less than 300 feet, could be ascertained the stratigraphy of the reser- 
voirs which in the region lying to the east have such great importance 
and concerning which accurate knowledge is so desirable. 

Glen Rose is uniquely situated in regard to artesian water, being in 
such a position that it is practically impossible to have a well there 
without its being an artesian one. Paluxy Creek is cutting down into 
the Caprotina limestone bed of the Glen Rose formation. Only a part 
of it, less than 50 feet thick, has to be cut through and a flowing 
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well is obtained from the first reservoir below. The result is that 
Glen Rose has many flowing wells. 

Dr. Frank Burns gives the following report concerning the wells at 
Glen Rose: 


There are in the village of Glen Rose, within a radius of half a mile of the court- 
house, 70 artificial artesian wells, as well as several natural artesian springs of both 
mineral and other water that is forced up through crevices of the limestone from the 
water-bearing ‘‘ Trinity sands’’ below. The wells are ever flowing, and have free- 
stone, chalybeate, and white and black sulphur water, which is pleasant and cool, 
owing to the shallow depth of the wells, making the town of Glen Rose a great water- 
ing place. Besides the wells in the town there are numbers of others in the Squaw 
Creek and Brazos valleys and up the Paluxy Valley 11 miles to Paluxy post-office. 
One remarkable fact is that after you get away from Glen Rose a short distance the 
wells are all of good, sweet, cool freestone water. 

One of the first wells drilled at Glen Rose was put down by Mr. John W. Campbell 
on a bench just 20 feet above the bed of the Paluxy River. At the depth of 56 feet 
he struck flowing water (a stream of white sulphur). As this well was in his yard 
at the hotel, it created a great deal of excitement, and everybody ‘‘put down wells,”’ 
as they call it out there. His well soon failed and he had to go deeper, as the first 
thin bed of sand was exhausted by the constant flow. After two or three more 
stoppages and deeper borings each time, he struck a permanent flow in a bed of sand 
at a depth of 163 feet. He then bored 10 feet farther and stopped with a permanent 
flow of white sulphur water. 

This well is given as a typical one, but there are others in the valley only a short 
distance away that flow permanently at 125 feet, while the wells up the valley are 
from 70 to 130 feet. 


There are deeper wells than the one above described. Mr. George 
Abel’s well at Glen Rose is reported’ to be 260 feet deep and flows 40 
gallons a minute. The water is soft and clear, with a slightly chalky 
taste. Unfortunately the exact location of this well relative to Mr. 
Campbell’s can not be given or its water reservoirs correlated. If itis 
in the valley, as may be presumed, the water comes from a lower 
reservoir than Mr. Campbell’s well. 

The following is a section of Mr. Abel’s well as given by Mr. Roesler: 


Secrion No. 58.—SECTION OF WELL OF Mr. GEORGE ABEL IN THE VILLAGE OF GLEN 
Rosr, SoMERVELL County, TExas. 
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1See report of F. E. Roesler in a publication of the U.S. Department of Agriculture entitled A 
Report on the Preliminary Investigation to Determine the Proper Location of Artesian Wells within 
the Area of the Ninety-seventh Meridian and East of the Foothills of the Rocky Mountains; Ex. Doe. 
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Eastward, down the valley of the Paluxy, the wells gradually 
eepen and the thick stratum of Glen Rose limestone which forms 
the bluff of the Paluxy in the town of Glen Rose and overcaps the t’ 
reservoir becomes embedded as the creek is descended. Mz. Winfield 
M. Rivers states that his well is nearly 1 mile east of Glen Rose. It is 
a flowing well 1623 feet deep, furnishing about 300 gallons an hour 
from the upper or t” reservoir. Mr. Rivers says: ‘*I am unable to 
give all the strata passed through about ten years ago, but remember 
that the usual top strata were gone through until the hard stratum of 
limestone above mentioned was reached. As soon as this was drilled 
through, the depth being 162% feet, a column of water jetted from the 
orifice to a height of 10 feet above the surface, and I was the proud 
owner of a flowing sulphur-water artesian well, many thinking the 
water superior to the White Sulphur Springs of Virginia.” 

Mr. A. M. Wilbanks, well driller, reports that about 6 miles east of 
Glen Rose the depth of the first water (t’) is from 305 to 330 feet. In 
drilling this well he passed through about 10 feet of lignite in the 
sands. 

Still eastward the strata continue to deepen. The t’ reservoir is 
nearly 300 feet deep at the Addison well, on the west side of the Brazos 
River, near the Bosque County line. The following section of this 
well was reported by F. E. Roesler:' 


Section No. 59.—SEcrIoON oF ADDISON WELL, WEST SIDE OF BrAzos RIVER, NEAR 
Bosque Country LINE. 
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The slope of the valley rises very rapidly in bluffs and terraces as 
one leaves the alluvial bottom of the Paluxy. Sufficient experiments 
have not been made to ascertain how high the waters will flow. In 
ascending the valley of Squaw Creek there is a flowing well of sulphur 
water at an altitude of about 720 feet, or over 120 feet above Glen Rose. 
In this county 750 feet may be safely stated as the altitude to which 
water will rise from the basement Trinity reservoir. Five miles 
north of Glen Rose a well was drilled many years ago at an altitude. of 
about 940 feet. The water rose to within 200 feet of the surface, or 


1 Report of Department of Agriculture, Ex. Doc. No. 222, Fifty-first Congress, first session, page 267, 
Washington, 1890. 
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to an altitude of 740 feet. The geologic horizon of the surface where 
this well was drilled is that of the middle portion or Glen Rose beds 
about 100 feet below the Paluxy sands. 


USES OF WATER. 


The artesian waters of Somervell County are used for domestic and 
agricultural purposes, and the sulphur waters are considered of great 
medicinal value and attract many visitors to the picturesque village of 
Glen Rose. Most of the waters are allowed to go to waste, as no check 
is placed upon the overflow, and the waste runs off into the river. 

In the Brazos Valley, east of where the Paluxy enters it, the wells 
of Messrs. Addison, Walker, Bradshaw, and McVicker, in the south- 
eastern corner of the county, as shown in the table on page 475, reached 
three reservoirs of Trinity water. These wells reached the lower res- 
ervoir at a maximum depth of about 3850 feet in the stream valley. 
Continuing down the Brazos similar shallow wells, with gradually 
increasing depth, are found in northeastern Bosque, southeastern 
Johnson, and western Hill counties, as elsewhere described. ; 

Irrigation with these shallow wells has been demonstrated by farm- 
ers of the Paluxy Valley to be both practicable, inexpensive, and 
profitable. 

In a former report the writer has shown that the region is subject to 
serious droughts. The average yield of cotton is small, running from 
one-quarter to one-half a bale per acre. Artesian water is not utilized 
for irrigation to a large degree, because the methods and _ benefits 
of irrigation are not understood. Farmers, however, have obtained 
good results from irrigation. Mr. William Lanham, who lives 
6 miles west of Glen Rose, has an 8-inch well which discharges 
about 400,000 gallons of freestone water a day. With this he abun- 
dantly irrigates 30 acres of land, utilizing the water only a few days 
in the year. Although he came to Texas from more humid regions 
and had never before seen irrigation his success has been great. He 
has confined his efforts to the least profitable irrigable crops—corn, 
cotton, and Louisiana sugar cane—and has never manured or other- 
wise fertilized his land. The following table shows his experience: 


y Yield of same land irrigated. 
Average yield : S: 


Products. without irri- a 
(SEU e Eo 1888. 1889. 1890. 
i te eee | 
DOP 2h eee eee ee ee eee ...- bushels. - 25 75 | 66 40 
Seed cottons) cos aaa meant nee pounds..| 200 to 500 2,200! 3,000/ 4,000 


Molasses of Louisiana or Ribbon cane, gal- 
lONS! go cice ace ee See oe close eee are Sesrereteen rae see 350 | 350 
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Several other experiments in irrigation in the same neighborhood 
have met with equally successful results. No one has irrigated alfalfa, 
clover, small grains, or small fruits, which are most susceptible to 
profitable irrigation. At Paluxy, 10 miles west of Glen Rose, were 
two irrigated farms upon which cotton was growing in a crop promis- 
ing to yield two bales to the acre. 

Should the people of Somervell County desire to utilize their lands 
for amore intensive agriculture than that now carried on, the artesian 
waters would be of inestimable value in growing vegetables and 
fruits, which are now shipped into Texas in immense quantities from 
Maryland and California. 
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Fic. 54.—Artesian map of Bosque County, Texas. Shaded portion indicates area where flowing 
wells can be obtained from the Basement Trinity reservoir; @, flowing wells from Trinity reservoir; 
©, nonflowing wells from Trinity reservoir; figures indicate depths of wells in feet. 


BOSQUE COUNTY. 


Bosque County has an approximate area of 980 square miles, and 
lies entirely within the Grand Prairie region. The relief of the upland 
is a dissected plain, gently sloping from north of west to south of 
east, the highest altitude of which is about 1,250 feet in the western 
portion of the county. This plain slopes eastward at an inclination of 
from 15 to 20 feet per mile,so far as its surface can be measured on 
the remnantal divides. It is deeply dissected by the drainage valleys 
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of the Brazos and Bosque rivers and their tributaries. The valley of 
the Brazos River, which is the eastern boundary of the county, is cut 
down to depths varying from 575 feet at the northeast corner of the 
county to about 400 feet at the southeast corner, or to an average 
depth of 450 feet beneath the upland plain as preserved in the divide 
of the Brazos and Bosque rivers. The slopes of this valley extend 
back from the river about 10 miles, and are drained by many small 
streams, such as Rock, Grass, Plowman, Mesquite, Cedron, Rocky, 
Little Rocky, Coon, and Childress creeks. The remaining and greater 
portion of the county is drained by the Bosque and its tributaries. 
Bosque River flows from northwest to southeast, parallel to the Brazos; 
its tributaries, such as Duffau, Spring, Meridian, and Neil creeks, 
flow from west to east. The Bosque River falls from 1,000 feet on 
the northwest border of the county to about 525 feet where it reaches 
the southeastern boundary, and is incised to an average depth of 300 
feet below the summit plain. The principal east-west tributaries of 
the Bosque, such as Meridian and Neil creeks, are also incised to a 
similar depth. re 

Inasmuch as the principal agricultural interests are situated in these 
valleys, the different districts of the county are designated by their 
names, such as the Brazos, Bosque, and Neil Creek valleys, ete. In 
general, however, the county may be divided into three broad topo- 
graphic districts. The first of these is the deep indentation of the 
Brazos Valley on the east. Between this valley and a point near 
where Bosque River enters the county, near Valley Mills, the upland 
prairie, extending close to the river, is of the Fort Worth type, 
consisting of gently rolling black lands. West of the Bosque the 
upland prairie is of the Lampasas Cut Plain type, consisting of flat- 
topped mesa divides composed of the hard Edwards limestone with 
rocky slopes leading down to the streamways, along which may be 
found a variety of soils upon the diverse belts of successively out- 
cropping geological formations. 


GEOLOGY. 


The Cretaceous formations constitute all the surface rocks of the 
county with the exception of the alluvial deposits which veneer the 
broad, flat terraces in the streamways. The formations exposed in 
the county in descending series from east to west are those of the 
Washita and Fredericksburg divisions, and the Glen Rose formation 
of the Trinity division. West of the Santa Fe Railway and north of 
Meridian Creek, in the district of the Lampasas Cut Plain, the high 
divides are all composed of the Edwards limestone, beneath which the 
Walnut, Paluxy, and Glen Rose formations constitute slopes leading 
down to the Brazos on the north and the Bosque River in the cen- 
tral portion. The Brazos Valley, in the extreme northern portion of 
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A, Iredell; B, Walnut Springs; ©, 1 mile north of Eulogy; D, Meridian; E, Morgan; F, Clifton; G, Valley Mills; H, Fowler; I, Kopperl; K, 1 mile east of Cyrus; LZ, 1 mile north of Cyrus. 


HILL. | ARTESIAN CONDITIONS IN BOSQUE COUNTY. 481 


the county, and the Bosque River and Duffau Creek in the portion 
west of Iredell, are underlain by the Glen Rose formation. The valley 
of Steele Creek, below Walnut, and the valleys of the Bosque and the 
East Bosque from the junction of the East and West forks almost to 
the southern border of the county, are underlain by the Walnut for- 
mation. The high divide of the Brazos, the Bosque, and the portion 
of the county south of Meridian Creek show the Fort Worth lime- 
stone and other formations of the Washita division and the Edwards 
limestone at the surface. The Paluxy sands outcrop in an upland 
forest area below the summits of the slopes of the Chalk Mountain 
divide, in the northern portion of the county, and on the Johnson Peak 
divide south of Iredell. These sands become embedded near the junc- 
tion of the Bosque and East Bosque rivers, and near Kimball, on the 
Brazos. (See fig. 48.) 
WATER CONDITIONS. 

The chief and most available artesian reservoirs are those of the 
Trinity division. These are embedded beneath the whole county, and 
are the source of many artesian wells. Near Iredell (see fig. 48), in 
the western portion of the county, the t’ reservoir is 550 feet above sea 
level and deepens gently to the southeastward across the county at an 
average rate of 17.7 feet per mile. Near Cyrus and Greenock this 
reservoir is practically at or less than 50 feet below sea level. At 
Meridian this reservoir is 260 feet below sea level, and has an average 
inclination of 21.5 feet per mile between Ivedelland that point. Meas- 
ured from the surface along the stream valleys tributary to the Bosque, 
this formation increases from 350 feet in depth at Iredell in the west- 
ern portion to 850 feet at Valley Mills in the southeastern portion of 
the county, and to about 1,000 feet in the valley of the Brazos at the 
extreme eastern edge of the county. On the uplands these waters are 
correspondingly deeper. Flowing artesian wells are obtained in all 
the principal valleys of the county from the t' and t® reservoirs, prin- 
cipally the latter. These waters are used for supplying the farms, 
ranches, and small towns. 

The Paluxy formation is embedded in continuous area in that portion 
of the county lying east of the Gulf, Colorado and Santa Fe Railway, 
which practically follows the Bosque River as far north as Morgan. 
This formation is exposed in the cutting of the Brazos Valley, in the 
northeastern portion of the county northwest of Fowler. The stratum 
is so thin and so charged with mineral water in this portion of the 
county that it is hardly worthy of further consideration. 

The Paluxy formation also occurs beneath the remnantal summits 
of the Lampasas Cut Plain in the western portion of the county, 
outcropping on all sides along the slopes of these hills. Hence it 
does not present artesian conditions. In the southeast corner of the 
county, upon the headwaters of Willow and Childress creeks, certain 
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shallow wells are reported which obtain their waters from what is 
termed a ‘‘rotten honeycombed limestone” in the Fredericksburg 
or Washita division. This occurrence, although of no artesian value 
in this county, is of interest, inasmuch as it indicates the first appear- 
ance, in going southward across the county, of water-bearing strata in 
the Fredericksburg division, which becomes of such importance in the 
more southern counties of Williamson and Travis, and in the Rio 
Grande Plain. 

The Glen Rose formation, which constitutes the principal matrix 
between the Paluxy and t’ reservoirs to be drilled through by the 
artesian wells in the county, consists largely of limestone and marly 
clays. While this formation no doubt increases in thickness from 
west to east, the writer has been unable to procure sufficient data to 
ascertain the amount of increase with exactness. (See fig. 55.) At 
Clifton the total thickness of the calcareous Glen Rose formation 
beneath the Paluxy sands and above the t’ reservoir of the Trinity 
sands is about 420 feet. Except in the vicinity of Iredell this approx- 
imate thickness must be penetrated everywhere after passing the easily 
recognizable Paluxy sands before the best waters of the t® and t! 
reservoirs can be obtained. 


AVAILABILITY. 


Flowing wells from the t’ reservoir can be obtained beneath about 
one-half the area of the county. Iredell, on the west, seems to be near 
the limit of altitude (881 feet) to which waters will rise. The water 
flows to the surface at Meridian (altitude 793 feet), Morgan (734 feet), 
Clifton (671 feet), and near Valley Mills (600 feet). In McLennan 
County, to the east, water rises at Crawford to an altitude of 700 feet. 
While it is a well-known fact that the altitude to which the waters 
will rise from a formation gradually decreases to the eastward, we may 
safely assume that flowing artesian wells may be obtained from the 
basement reservoir of the Trinity division anywhere in Bosque County 
at altitudes of less than 750 feet. The water actually rises to nearly 
900 feet in the valleys of the Bosque River and Neil Creek, in the west- 
ern portion of the county. 

Upon the accompanying map, fig. 54, that portion of the county 
which lies below 800 feet in altitude, together with a small extension 
of country above this altitude up the Bosque River and Neil Creek to 
the 900-foot contour, is shaded to represent the area where artesian 
flows may probably be secured. The area where flowing wells may 
be obtained constitutes about one-half the total area of the county and 
lies principally within the stream valley slopes of the Brazos and 
Bosque drainage. The only uplands coming within this area of flow- 
ing wells are a small portion of the prairies in the southeastern corner 
of the county east of longitude 97° 30’. All the uplands to the west 
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of that line, including most of the divides of the Brazos and Bosque, 
and comprising nearly one-half the county, He above the altitude to 
which water will rise. 


DEVELOPMENT. 


Reports have been received from nearly seventy artesian wells in 
Bosque County, all of which, with a single exception, obtain their 
waters from the Trinity reservoirs, principally the t? reservoir, as 
enumerated in the following table: 


Schedule of wells in Bosque County, Texas. 


Petts elec eal esat ete ies: fs 
| Ge) i 5 2 o 8 | 3 5 S 
; ee eH| 3 | $s = so) lad 
Owner. Location. yall once al leet ies all oe wo 12) 2 |e l\e.8 
B| = |SE| 5 |S] 2 [S/SiS\g8 
B= - |] oS la o ro) = a) B13 |S & 
ea ile By ae 6 |2/3/5\e 
a a Ja ea et aeniee 
| | | | | | 
| | | Feet. | Feet.' Feet. | Feet. | 
Pat Cavanaugh........ Tredell,5 miles north of :..)....- | 229),|5220)\ bese IBN INS WAscileeeh ae 
| | 
ID Obae accesso astestie CO Beectce sanece kon See oee-04s 3!) SBn lessen lees No. ale 
ONC y Mantes eter a8 Piredelitess ts Sco .ci.r. Ss |bac's 390 | 265 |{25) |\370 | No. |---|... [ales 
TAGAPMillips =... dace te GG) ee ec ae ee ee 350 | 180 | 280 |.....| x ett eee 
Val My ersesasscee soca | Iredell post-office, 400 yards)... 390 | 220 | 340 | 200 | No oat 
from. | | 
{250 Nos | Fall 
Pat Cavanaugh........ Iredell, 1 mile west of -...-.|-..-- 280 | 135 1275 p25 No clooc iB ti 
| coe 8 
Hutson & Bullard ..... | Iredell, 2milesnortheast of|.....| 336 | 225 | 328 |.-..- No. : 
Pat Cavanaugh........ _ Iredell, 5 miles south of -..)....- SBS eile ceclicaace No ers 
IR pJesovull oss. copsesosoke | Iredell, 6 miles south of ...|..... 2071400 eee 30=| No: |---| 1 |: 
Pybieebiins= sce. Meridian, 74 miles west of.|..--- | PRY} || CORE So aees No. S| elias 
dads N VODA Ase osee a Meridian, 8 miles west of..| 800 O58 p 220i eeeer GH NOnleee|see [eRe oe 
“Sd faOh era to} ole see ee Help, } mile northeast of ..|....- Spt | Bay saat o gi) IN Og. lee] sae | 7 
PAVE Ne NTOOLG saree set Help, 3 miles east of ......./-.--- 228 INGE leod Soo 1 
| 
GaNVoe Yee ates ac | Womeca mile northeast |..... 116 No. see? 
nore 
Dre DuGlasss sees. Womack, 1 mile north of..|....- TD }] TY Ie be H & I} No. vee .- 
a jCranfills Gap, + mile north- | all cipal f 4 wy | 
ET Een Will SOD wees e ese | west of. go 1166) 263). -2 1 x |p No |---]--- | 1 
SyBaCranhlleeesee = see Cranfills Gap, 2milesnorth |.....) 220)\ TOR hae se | No. =| al 
of. | | | 
| | 
H.J. Hansen (farm) --. Cranfills Gap, 3 miles |..... 153/120" erate | No. Al eaelt al x 
| south of. | | 
C.R. Ellington.-...-... | Cranfills Gap, 6 miles |..... 106 | 100 )..... | 60 | No. eee 
| south of. | | | 
VOMValker sweeten see | Eulogy, 2 miles west of ....|..... 1213 KO} | Seen No. aI ODelErercie 
Je aeallye sees Eulogy, + mile west of .......... 430 | 60 | 200 ..... 3G 4|becleaetleleesx 
A.M. Wilbanks | Eulogy, 1 mile north of......... 475 | 425 | 450 |..... x alliat < 
A.L, Cotton............| Eulogy, ? mile north of....!..... 460'| 45 | 400 |....- x c]4] x 
Mrs. A. Womble .-. -| Eulogy, 3} miles east of....|..... 380 | 100 | 200 |... - x 3}, 3k x 
Richard Archer ....... Kimball, 6 miles west of, |...-- 564 | 65 | 450 }..... x =| x 
| and 6 miles east of 
| Eulogy. ‘ | 
Tuttle & Smith... .... | Morgan post-office, 10 feet | 722 675 | 100 | 550| x | No alee || ab 
north of. 
IDO esta cmcecacaret| Morgan post-office, 10 feet |...-- 603 | 50 | 425 |..... x lao 1 x 
south of. 
A.M. Wilbanks ........ | Morgan post-office, 15 feet |...-- 619 | 550°] 600 |....-. x 2 1 x 
south of. | 
Thito \fMorgan, } mile southeast |) | | {flow ) 4 | 
RL AVnite Seat tee i oR H}..-.| 600 | 90 {590 |b-e=-| x Tex 
ax = yes: 


b1, soft and portable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, con- 
tains lime; 8, contains soda; 9, contains alkali; 10, contains potash; 11, contains alum; 12, contains 


magnesia. 
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Schedule of wells in Bosque County, Texas—Continued. 


Owner. 


A.M. Wilbanks 


N.& F. Logan 


SB A@aSsiee ee ee eos ones 


C.O. Holen 


C. O. Bronstad 


J.Olson 


J.J. Lumpkin 
S. H. Lumpkin 
Tom Gandy 
Tom Frazier 
M.S. Greer 


G.T. Russell 


G. D. Greer 
BAS Etzina ee» Screen 


Neal Nelson 
O.H. Dahl 


Kell & Gibbs...2-...-..- 
E. Johnson (reports)... 


Mrs MUR OSSh ence eee 
Kell & Gibbs 


CAD Johnsseesseaeeae eee 
E.J.W. Ogden 


F. M. Lochert 


W.H. Martin 
J.C. Gray 
JoBekighardstes-seceee 
J.S. Butler 


aSix additional wells of this character are reported in Meridian by M. L. Clark. 


, D ra ea = 2 
heal ee lea Lae & 
Location. = 3S £2 = | ig 2 Z z e ss 
S = Se |e | FET | Se | Se 
2/2 |2|2/21) 6 |s\sisiee 
40) ee Ne Oe |e lalalet= 
Feet. | Feet. | Feet. | Feet. 

Morgan, 1 mile southeast |_.... 575 | 500 |.550 |.._.. ae We aa 

of. 

Morgan, 5 miles east of ....|..... Gfst) | ekofo) |), s3X0f0)) ee ee yey Me 1 

alley Mills,5 milesnorth ||-,, | g-- 400 | 

Wee \roo | 877 | 80 {8 sees aloe ale 
Valley Millg2-f- 2s eee 592 | 805 | 200 V0 Nese x AS | oalsoilie 
Valley Mills, 5milesnorth |_.... | 870) 100: |/ 400) |: =... Seilhebs 1) x 

of. | | 

fCyrus post-office, 1 mile | | 7 4 

aera Jee 1,000 | 400 | 600 |..... ae aal af ao 

| . 
Greenock, 3 miles south of.) 600 | So0RESROsuiseeeeleee = | x y AG bes 
A all 580 | 

Norse, 4 milessouthwest of. 850 | 622 | 190 (eee Vee No BE slasisiasa 

Norse, 4 miles north of ....)..... 125 VCO) eee { me }No ~ Ne! 1 \: 
? | } 
| 

Norse, } mile east of...-..-)..... E Palio bees 
Mienidianigs-+--sceeieeseeee hese eens |pals | x 
Meni@ ian] t sees eee ae .| valine | x 
Meridian, 2 miles south of.) pA ae Wi 
Kopperl, 3} miles west of-.|..... ; 51: Seles ES 
Kopperl,900 yards north- |..... 625 | 540 | 620 |..... x Delligb}h ssc 

east of post-office. } 

‘a : 3% : fl | 
IKOpPPeLl enya te neon eee seen 400\| 87 | 100 }..... Si af =H ‘fro 
Kopperl, } of mile east of. .|..... GOOD MEGS al teclaenee Se acy faze bles 
Meridian, 10 miles east of.|_.... 850) 400) \e7ioo seme: oe Bi lseliene| pal 
Meridian, 12} mileseast of.|..._. 87D), 4008 ierrouleen ae INO s ASS au oes 
Clifton, 3 miles west of...-|..... PE yy Girt wé aalleect hal | xe 
Clifton, 1 mile west of: -:-:|-.... 687 | 200 | 625 1..:.-. Pe So ses pele erc 
poe GO.2 2s se cewicbetesee ere 5: \an eee ALT CDDO N25 ef eameiee | onan oe me | A 

|fClifton, {mile west-south- |) Tie gs : (650) 

i west of. fo-s2) 700°), 220" Ny er5yi----- ee Feed Ce [|< 
Clifton, 3 miles north of...|..... 662 | 182 | 610 |..... Deel beets a) |< 
Clifton (2 wells) .....-.---|....- 6501,|...--22 Pee Fae 2 a ee sees a 
Clifton, about } mile west |..... 700! Ease (See aan pas gee a 

of, (2 wells). | | 

Clifton eee eee eee ea eee HOO eek ol eee eae etn Se eel bel fo 

aaleee Rare 

Beech GOs oenae pone ee egies 6401) lay NS sae lhe eliee OS “\8 x 
Clifton, 3} miles north of..|_.... 670, | eee eee sa ee et 
Clifton, 8 miles southeast of ..... 840 1s et alee a x - 5 fs \x 
Fowler, 1: miles north of -/..... 3D 4\") COs |escee eee See | eet (arses fa Lal [2 
Fowler, 3 miles south of.. 203 | 200 |....- 155 | No. | Ve eae 

| lo | 

Cayote, 2 miles from ...-.|..... L5O}s swims} oases S<) NOs? | --so= f es 
Cayote, 4 miles north of...|..... 145} 140 |....- B60 eNosalece|-ce|elupee 
eel of bea ee Mei aaree sees el mae 150 | 145. |....- sp anos [eee oa 
Cayote, 3milesnortheast of)... .. ASO) abi 2rd | Se, WONOS oct e 9 |. 
Cayote, 4 milesnortheast of ..... 72S Siaeeee dhl Mao GH ages Ge a bee 
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WELLS FROM THE PALUXY RESERVOIR. 


The Paluxy reservoir is passed through at depths of from 75 to 100 
feet by nearly all the deeper drill holes of the Bosque Valley, as is 
shown in the various sections to be presented and the figures of well 
sections on Pl. LV. The only flowing well thus far recorded from 
the Paluxy reservoir in Bosque County is reported by Dr. Scott Milam, 
of Glen Rose. The depth of this well is stated to be 79 feet and it is 
said to flow about 10 gallons a minute; the water is used for domestic 
purposes and for garden irrigation. A section of this well is as follows: 


Section No. 60.—SEcCTION OF WELL NEAR WALNUT SPRINGS, BosQquE Country, TEXAs 
CENTRAL RAILROAD. 


(See Pl. LV, B.) 


Thickness. Depth. 

Feet. Feet. 
3), ldeam enol, eioel CEN 6 sede oeeoeenetuEe dea deeeoeaeacesaas 12 12 
Zadarduumestoneandimarl |(VWallut) 2222 -22.-sse see ene 62 74 
mA glonbensam Gli (lp) peeyee eee) ai ahce te eee eee seer 7 81 


The Paluxy formation is the source of many dug wells throughout 
the western portion of the county. Near Cranfills Gap an abundance 
of water is obtained in this manner at depths ranging from 120 to 200 
feet. 

Mr. E. E. Erickson, well driller, gives the following section of a 
well 153 feet in depth, drilled by him 3 miles south of Cranfills Gap 
for H. J. Hanson. This section shows the character of strata in the 
wells upon the Walnut prairies which secure their water from the 
Paluxy formation. 


> 


Section No. 61.—Srcrion or weELL or H. J. Hanson, 3 MILES SOUTH OF CRANFILLS 


GAP. 
| Thickness. Depth. 
= | 2 
Feet. Feet. 

ela Yellowaclava @(Walnub) pest oc et bls se co 2. ese aoe eaes 

OMe anlyaclava @Wialmut)\eese 22 oo 222 coc ee ee eee ne] 18 22 
Oaowellearolomerater@Walnuit))y 22.4.2 -ssne see see eee | 2 24 
SumViarlvaclava @alimut) pees aceon ao ene eens | 40 64 
7. Honeycombed limestone (Walnut) -..-------------------- | 35 99 
Ga inemmnan lim @Vpalinuit) reese yo ce soe ee eee ee eel 19 118 
B iulenel woes (AN ENbO)) Bacn estos eeeeseaereaeesseaoesoas|| 2 120 
4. Green marl and sandstone (Paluxy)..----.--------------| 4 124 
SO HOOse can dawaibnn water (Raluxy))| 222. 22-5 -e ss omnis 19 145 
2, Baveeaowain Qe (Elie IOs) so aecsadseuescsscasSceeasaes | 2 | 145 
Pebimesnocka (ClenwkOse)r 25-2 oja2c necessities Seis s Se eee 8 | 153 


486 BLACK AND GRAND PRAIRIES, TEXAS. 


An artesian well situated upon the highlands 8 miles west of Merid- 
ian was drilled 258 feet. After passing through the Edwards lime- 
stone and Walnut formation it reached the Paluxy reservoir at a 
depth of 220 feet and penetrated its sands for a distance of 30 feet. A 
section of this well is as follows: 


Section No. 62.—SEcTION OF WELL OF J. J. WALLING, 8 MILES WEST oF MERIDIAN, 
Bosque County, Tpxas. 


| Thickness. | Depth. 


Feet. Feet. 
5. SOil, 2.2 esd ose sans beeen eee Eee Cee a eeeeee 16 16 
4, White lime rock, (Edwards and Walnut) .........-..-.-.- 184-4] 200 
3, Sand \(p?). 22..4. 863d. socom eee oe eee eee eee 8 208 
2. Soapstone (Pp) 422% Se se ee ee Sees eee eee 20 228 
1. Sand (p1))3 2225s eee tee oe eee eae 30) 258 


Ina similar well 236 feet in depth, belonging to L. H. Hefflin, 74 
miles west of Meridian, the following material was penetrated: Surface 
dirt, 8 or 9 feet; lime rock, 200 feet; sand, about 30 feet. 

There are many artesian springs in the county deriving their waters 
from the Paluxy reservoir. These have been described in a letter 
from the writer’s former assistant, Mr. J. S. Stone,’ as follows: 


The abundant springs along many of the streams are properly artesian springs. 
Thus, along Steele Creek, along the Bosque, in plains along the Brazos, and in many 
other less important places, springs are very common. At first sight they appear to 
be springs which have their origin in the rainfall which has soaked through the 
alluvial lands of the streams, has met the hard rock below them, and has been thus 
forced to come out as springs in the banks of the streams. This supposition, how- 
ever, is soon seen to be insufficient to account for the immense flow of water in all 
of these many springs, even after long drought. In the second place, the rocks 
directly above which the springs rise are usually, in fact almost invariably, the 
loose Gryphzxa pitcheri beds. When this latter fact is considered and it is remem- 
bered that the Paluxy sands directly underlie the Gryphza beds of the Walnut 
clays, the reason for the many springs is at once seen. The water is artesian; it _ 
permeates the sands and, where it gets a chance, forces its way upward through 
the overlying beds and flows out as springs. The artesian origin of these springs 
is confirmed by their occurrence usually low down on the streams, where they cen 
get a ‘‘head,’’ rather than higher up, where the Paluxy sands are only at about the 
same elevation. Thus, on the Bosque the great number of springs at Clifton is 
noteworthy as compared with their rarity higher up the river. 


1 The writer regrets that he has been unable to obtain a full report of Mr. Stone’s valuable studies 
of the geology of this county. While employed as the writer’s assistant upon the Texas State Geo- 
logical Survey and under his personal direction he carefully studied and mapped the geology of 
Bosque County. The notes and results of this work, however, were turned oyer to the late State 
Geological Survey of Texas and the writer has not had the benefit of them in preparing the present 
report. 
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WELLS FROM THE TRINITY RESERVOIR. 


A number of excellent wells are found along the Brazos Valley in 
the vicinity of Eulogy, Kimball, Kopperl, Fowler, and Cyrus, and 
along the entire western border of the county. These represent a 
continuation of the artesian belt developed to the northwest in the 
Paluxy and Brazos valleys of Somervell County. 

These wells increase in depth from northeast to southwest, varying 
from the t’ reservoir at a depth 475 feet north of Eulogy to a depth 
of nearly 1,000 feet near Cyrus at the southeastern corner of the 
county. 

The following facts concerning a well of this description may be 
of interest: 

Mr. A. M. Wilbanks reports that a well drilled by him 1 mile 
north of Eulogy (see Pl. LV, () flows from the Trinity (t') reser- 
voir at depths of 425, 450, and 475 feet. He notes the occurrence of 
lignite and pyrites in the lower formations passed through. The 
upper Trinity (t®) reservoir near Eulogy was struck at a depth of 70 
feet in the well of Mr. Jo Walker, 25 miles west of that place. 

The well of Mr. J. R. Hall, about one-fourth of a mile west of 
Eulogy, obtained the first or t? water at a depth of 60 feet, and a t’ 
reservoir at 200 feet. At Eulogy post-office the t® water was struck 
at 30 feet and the t' water at 450 feet. The flow increased when this 
was penetrated 480 feet. The water is soft and clear and almost free 
from mineral impurities. Other wells in the same neighborhood show 
some sulphur water and a little oil, which undoubtedly comes from the 
upper reservoir and could be cased off. Farther down the river, in 
the vicinity of Kopperl, the wells increase in depth. At Kopperl 
there are three wells, 525, 600, and 800 feet in depth. (See Pl. LY, /.) 
The shallowest of these is the public well, the depth of which is given 
at 400 feet by the mayor of the city. It flows 30 gallons an hour. 
The 625-foot well belongs to Mr. M. 8. Greer, who states that a little 
flowing water was struck at 300 feet from the surface. 

Mr. C. D. Johns, who has a flowing well 735 feet deep, 13 miles 
north of Fowler (see Pl. LV, //), 45 miles northwest of Waco, states 
that the well is located about 1 mile from the Brazos River, and 
that the drill passed through ‘‘soapstone” in many places, and lime 
rock, and struck water in sandstone. The sand is the t’ reservoir of 
the Trinity sands. 

Still farther down the Brazos, 1 mile east of Cyrus, there is a 
flowing well owned by Mr. Gip Smith, alleged to be 1,000 feet deep, 
and to have a pressure of 90 pounds to the square inch. This well 
_ obtains its water from the t’ reservoir, and is the deepest one in Bosque 
County. 
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In the Bosque Valley artesian wells are everywhere obtained along 
the immediate stream valley from Iredell southeastward to Valley 
Mills, the basement Trinity reservoirs being reached at depths of from 
350 feet at the former place to 840 feet at the latter. 

Mr. John L. Myers, mayor of Iredell, says: 

There were six flowing wells with a depth of 390 feet in this town, but all six have 
stopped flowing. The seventh is still flowing, rising about 1 foot above the gravel. 
A steady north wind affected all of them. While flowing a good stream, let the wind 
blow from the north two days and they would stop, so that it was necessary to put 
pump and windmill in four of them. 

These wells begin in the upper portion of the Glen Rose formation 
(see Pl. LV, A, and fig. 48). A log of the public well at Iredell (alti- 
tude 880 feet), which furnished 28 gallons a minute when first drilled, 
is as follows: 

Section No. 63.—SEcTION OF PUBLIC WELL AT IREDELL, BosquE County, TEXxAs 
(ALTITUDE 881 FEET), SEE Pu. LV, A, anp Fic. 48. 


Thickness. Depth. 
Feet. Feet. 

10. Boil aces eS alee | 20 20 
9.. Limestone sab rsh oo Ge te oe ee ee eee peers | 10 30 
8. Soft blucanarl!2 a0) 275 000s oe Gee Aeeseeane nen 80 110 
7. Bluleimar li see eee ee ae oe eee een ee | 6 116 
Oy SOA POUNRENS ROMS Reo boAcaeetooaodouocee cones Sosaace 50 166 
5. Sandstone (@ at 180 feet) limestone; marls2 42 eeses—e— == | 100 266 
4. Soft sand rock. | 1G p yuls ee ¢ ai ee A | i 311 
3. Hard sand rock 
2. Hine-grainedisandstones*— 2. ese erase eee eee eee eee 6 317 
1. Packisand (low ot water<th):4-sseees eee eae ee eeee | 18 335 


Iredell is situated very near the limit to which the waters will rise 
to the surface. In fact, it is slightly higher than the water will theo- 
retically rise a short oes to the east. 

Down the valley of the Bosque, toward Iredell, the next wells r epor ted 
are at Meridian, about 134 miles from the former place in a direct line. 
At Meridian the Walnut formation is near the surface. 


HILL.] ARTESIAN CONDITIONS IN BOSQUE COUNTY. 489 


Theré are 6 artesian wells reported in this city. Mr. 8. H. Lump- 
kin, who owns a flowing well at Meridian 525 feet in depth, gives the 
following section (see Pl. LV, 7): 


Section No. 64.—Srction oF WELL or 8. H. Lumpxin at Meripran, Bosque County, 
TEXAs. 


(See Pl. LV, D.) 


Thickness. Depth. 
| Feet. Feet. 
GMS Olena ees e os yee map eea tee as aaees 18 18 
5. Mostly limestone rock, beginning on top very hard and of 
dark color and getting softer and lighter below (Edwards 
and Walnut, and upper part of Glen Rose) .......-.---- 282 300 
Gy Seiavel, (PO ay seas SBS St ae eae \ : 
: tt Nau. Ya eticqans ise ga eee 206 506 
3. Limestone rock (Trinity division )J 
2. Green marl or shale (Trinity division) -.................. 2 508 
To SBM, We oo So eSS eee Ree eee ete atte ate Alva 17 525 


The above section makes no mention of the Paluxy sands, which 
should be passed in this well at a depth of 185 feet. This well either 
does not go to the lower Trinity reservoirs encountered in the Morgan, 
Clifton, and other wells of the county, or the record is deficient. 

At Morgan post-office and in the valley of Steel Creek, about 10 
miles northeast of Meridian, flowing wells are received from the t? 
and t* reservoirs at a depth of 550 and 675 feet, respectively. The 
wells at this place flow about 20 gallons a minute. In drilling the 
well from the t’ to the t' reservoir Messrs. Tuttle and Smith state that 
they passed through hard sandstone and red clay and also a small vein 
of coal. These facts have been also noted in the case of the wells in 
the Brazos Valley near Eulogy. 

At Clifton, about 12 miles east of south of Meridian, in the valley 
of Bosque River, there are several flowing wells, some of which have 
probably penetrated to the t' reservoir. 

Mr. E. E. Erickson gives the following section of a flowing well 
drilled by him for Messrs. Kell and Gibbs of Clifton. The total 
depth of the well was 662 feet; depth of first water from the Paluxy 
reservoir was 182 feet; other waters were struck at 610 and 662 feet. 
(See fig. 55 and Pl. LV, F.) 
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FEET Section No. 65.—SEcTION OF WELL oF Messrs. KELL AND 
Gripes, OF Crirron, Bosque County. 
io | Thickness. Depth. 
ZS Feet. Feet. 
19. Yellow clay:and’grayel =2222.------=- 12 12 
te) 18. Marl (‘‘soapstone”’ ) and shellagglom- 
erate in small layers -_....--.-.-.-- 68 80 
40 17. Honeycombed white limestone ------. 
16. Joimticlayiss oe 2 eee ae 72 152 
50 [5 wiklardhlimestoneye= a= se= a= eee 
14 Elardolimleston cies =e =e 2 154 
13"Green=colored smn === ee 8 162 
2 irlardesand’coc ks (ip) =e =e =e 6 168 
11. Soft coarse-grained sandstone (p)----- 22 190 
TO, “imestone.2 253s esse e ae ee e ee aee 325 | 515 
9. Blue marls and layers of white lime- | 
SlON Ce eer eee eee 85 | , 600 
8) Hard jrock stra tunes: Sees ene 4 604 
7. (Greenish: sandy; marie see e ne ee eee 3 607 
Gee Quicksand (t3)\ eae ee eee 10 617 
5: Blue marl. see See o eee eee 4 621 
4. Cavernous sandstone (t?) .-..-.------ 20 641 
3. Coarse black joimbiclaygemeesees eases 5 | 646 
2. Coarse:gravell (th) yaa eae eee eee 15 | 661 
ie @lay, andie dsm airl aeesaeeeerene t| 662 


Fic. 55.—Partial section 
of artesian well of 
Kell & Gibbs at Clif- 
ton, Texas (Nos. 1-11, 
inclusive, of section 
No. 64), showing de- 
tails of Trinity reser- 
voir. (For explana- 
tion of symbols see 
Pl, XVL, p: Al0:) 


This well probably begins at the surface in the 
Fort Worth limestone and passes through about 100 
feet of the Washita division before reaching the 
Edwards limestone, striking the Paluxy reservoir 
at a depth of 182 feet. 

The first flowing water was obtained from the t* 
reservoir in No. 6. A second flow was procured in 
No. 4. The third and lower flow was obtained in 
No. 2, and this is generally the strongest. 

Mr. E. E. Erickson gives the following informa- 


tion concerning another flowing well drilled by him 1 mile west of 
Clifton. The total depth of this well is 715 feet; depth of first reser- 
voir, 220 feet; other reservoirs, 640 feet. This well is drilled on a 
hill, and hence the flow is weak—60 gallons a minute. 
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Section No. 66.—SEcTION OF WELL DRILLED BY E. E. Erickson, 1 MILE west OF 
Crirton, Bosqur County, Trxas. 


Thickness. | Depth. 
Feet. | Feet. 
OMe Ainvialsconglomerates sesso - - ysca eye e eee oee 24 24 
WS, Vee Moy CEN oye eee ee eee ei ear See 10 34 
HV fem Ol aival Ga SOAMStONE +) tS a eng oweemare Urineme eta we 50 84 
GMaWehiteumestonerOCkiac. sleepiness ee Ss ee 2 86 
TUBS, LEME aan = ec ese ae ee tae ary a er 40 126 
(ee Eloneycombecduliimestomesa= = seme iyeee eee ae oe ear 50 176 
1B}, > Wau) ROO es SRO Cee Ae ORE ERO pen ene eS ras A er eet 30 211 
2a blivenmanvandelayersioLshelll rock. a ser =r essen sce 2 213 
11. Water sand (p, flow rises about 100 feet)................ 10 223 
O,- Uouais GAN Sec5 Se se SoS EBB ee eee ee ee a ee ae 3 236 
Medi eStOn Cuma em ak aC Nea sa aia! Ne Loum ch 327 563 
GL IBN Tred) GSS see ee ee eee cn ene SE A peo eee 80 643 
Us leleac login. 3 es sce ce eee a ena ee Nin yy coy 4 647 
Gs, QinelesenanGl: (abesty lO eee ete soe toes Seek lease 20 667 
Bis OHA Ol? 3 ose errr et ey ta ee Ae eae eee oes ela 8 675 
4, Honeycombed sandstone (second flow) t?..--...--------- 28 | 703 
&> UCUABIIEN’ Sse teca oe Ea Sas ers eo ah eee eee 3 | 706 
2. Coarse sand rock mixed with gravel (t!).....-..-.---.---- 10 | 716 
il, Su@lay lOAG Tons OA eaacotecoossaadessecsssasecacseus 2 718 


At Valley Mills, about 11 miles southeast of Clifton, the t’ reservoir 
is struck at depths of about 706 feet (see Plate LV, G). Mr. E. B. 
Cass, well driller, reports that the material of these wells above the 
Paluxy reservoir, which is struck at 200 feet from the surface, is mostly 
the blue and white limestones and marls. He remarks that after going 
through the underlying Glen Rose he usually strikes three distinct 
water-bearing strata before reaching the red clay formation at the bot- 
tom of the wells. He states that he has never gone through this, but 
has bored into it 60 feet at one place. It would be interesting to see a 
specimen of this red clay, usually called ** keel” by correspondents, in 
order to ascertain whether any of these wells have penetrated through 
the Cretaceous rocks. There is a red clay of this description in the 
lower beds of the Trinity division quite different from another red 
clay which is sometimes encountered in the Paleozoic rocks. We are 
unable to judge by the logs of the Bosque County wells whether the 
Cretaceous has been completely perforated or not. 

J. F. Robinson has a well at Cowan post-office, 8 miles southeast of 
Bluffdale, on Sycamore Creek, a tributary of Paluxy River. This well 
is 208 feet deep; depth of first water, 42 feet. He states that in drilling 
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the well water was struck at 136 feet after going through a stratum of 
probably 20 or 30 teet of what drillers call red keel. The water from 
this stratum rose to within 16 feet of the surface. After passing 
another stratum of red keel to a depth of 165 feet, the water rose ‘to 
within about 6 feet of the surface. After passing through still another 
stratum of this red keel water was again struck in sand at about 196 
feet, and this water rose to the surface and began to flow when a 
depth of 200 feet was reached. Between these water strata there is 
rock of yarious kinds, with red clay, mud, or keel just above the 
various strata of water sand. 


WELLS FROM THE FREDERICKSBURG RESERVOIR. 
Dr. J. T. Glass, who has a well 192 feet deep located 1 mile north 


of Womack, in the eastern portion of the county, gives the following 
section of the well: 
Secrion No. 67.—SEcTION OF WELL OF Dr. J. T. GuAss, 1 MILE NoRTH OF WoMACK, 


Bosque County. 
! 


Thickness. Depth. 
Feet. Feet. 

5! Black: soil: 2.8.2 ets (Soo eee 1 1 
4. Yellow clay and eravelsscss2 ee sane eee enee 5 | 6 
3. White limestone (Fort Worth limestone?), thin layers of | 

few inches with clay betweenl.---s225- 25 ee eee eee 14 | 20 
2. Slate-colored stone, called rotten limestone, (Kiamitia and | 

Bdwards)\is.2 J boc6 Sao oe a ee eS 107+} 127 
1. A porous white limestone (Edwards), which is the water- | 

bearing stratum se eS aa ee ee oe eee 65 192 


This section is of interest because it shows the existence of a water 
reservoir in a porous white limestone in the lower portion of the 
Fredericksburg division which, while of no economic importance in 
Bosque County, becomes an important factor in the artesian systems 
in the country southward. 


CORYELL COUNTY. 


Coryell County has an area of 1,065 square miles, and lies entirely 
within the Lampasas Cut Plain. The summit remnants of this plain 
consist of a series of long scarped table-land divides between the wide 
and deeply incised valleys of the Leon River, Coryell Creek, and Cow- 
house Creek, and extend in a southeasterly direction. The highest 
summits are about 1,200 feet, in the western corner. The Leon 
Valley, in the eastern corner, is only 600 feet above the sea. 

The geologic formations comprise the usual sequence of the Lampa- 
sas Cut Plain, the Edwards limestone capping the high divides and the 
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Walnut, Paluxy, and Glen Rose formations outcropping in the slopes 
and bottoms of the incised valleys. The lower strata of the Washita 
division are also preserved in the eastern and northeastern portions. 

The Trinity sands are completely embedded in this county. The 
Paluxy sands outcrop in the lower part of the valley of the Leon, and 
are embedded in the eastern portion. 

The entire county is underlain by the Trinity reservoirs, of which 
three (t', t®, and t*?) may be recognized in the yarious artesian-well 
drillings. The Paluxy reservoir is a recognizable water horizon in 


Fic. 56.—Artesian map of Coryell County, Texas. Shaded portion indicates area where flowing wells 
are likely to be obtained; @, flowing wells from Trinity reservoir; ©, non-flowing wellsfrom Trinity 
reservoir; (], non-flowing wells from Paluxy reservoir; figures indicate depth of wells in feet. 


the northern portion of the county. The Fredericksburg division is 
also apparently water bearing in the eastern portion, and several 
shallow artesian wells in the valley of the Leon adjacent to Whitson, 
Oglesby, and Pecan Grove probably get water from this source. 

The lowest Trinity reservoir lies within 300 feet of the surface at 
Copperas Cove and Pidcoke, in the western part of the county. The 
eastward inclination carries it toa depth of 700 feet at Gatesville, near 
the center, and to 1,100 feet at The Grove, near the eastern border. 
So far as we can ascertain, this reservoir has been penetrated at 
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Copperas Cove and Gatesville only. The wells near Pidecoke may also 
probably reach it. 

The second Trinity reservoir (t’), of fine white pack sand, seems to 
satisfy the well driller in most localities, as in the case of the Pruden 
well at The Grove, a section of which is given. 

The t*®, or Glen Rose reservoir, is frequently reported as yielding 

yater in this county from cavernous or honeycombed limestones. The 
supply from this source is feeble and usually highly mineralized. 

S. A. Wylie has a well in the southeast corner of the county, 4 
miles from Leon Junction. It is 217 feet deep and apparently derives 
its waters from the Fredericksburg reservoir. He says: ‘‘ In many 
places here water is found in this hard blue rock, and when these rock 
fragments are closely examined they are found to be fragments of sez 
fossils.” The above strata are probably the equivalents of the Walnut 
formation, and a large number of observations contribute similar testi- 
mony as to the geologic horizon. 


DEVELOPMENT. ! 


The topographic and structural conditions in Coryell County are 
unusually favorable for procuring artesian wells, at least in the wide 
valleys, where the population is located. Artesian wells have been 
procured in the valleys of the Leon and Cowhouse nearly the entire 
distance across the county. A number of flowing wells have been 
reported, while good nonflowing artesian wells are obtainable at depths 
varying from 150 feet in the western portion of the county to 900 feet 
in the east. 

W. H. Morgan, well driller, Leon Junction, gives the following 
information concerning wells drilled by him: 

Near the county seat (Gatesville) nonartesian water is found at 75 and 100 feet [p]; 
generally good for all purposes, and all of the northwest of the county at about the 
same depth. At about 200 to 300 feet in the same section of the country we strike 
the next water reservoir [t*], which is mineral; at 500 feet we strike a third flow [t7], 
still mineral; at from 700 to 800 feet a large flow of soft water is reached [t']; in the 
west part of the county, and more particularly on the Cowhouse River, we can get a 
good flow from 200 to 300 feet; in the eastern part of the county we have to go from 
100 to 500 feet to strike the first water and it is mineral, salt, soda, or some other 
mineral. 

We have two records of wells, at Gatesville and Copperas Cove, which 
have completely exploited the Cretaceous artesian reservoirs. Most 
of the other wells are incomplete, the drilling having been conducted 
entirely regardless of geologic guidance and having ceased at the 
reservoir nearest the surface, or, if continued, little care has been taken 
to case off deleterious waters when struck. 
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SrctioN No. 68.—Secrion or wetu or R. T. Exxiorr, ar Copperas Coyr, CoryEL 
County, TEXAS. 


Thickness. Depth. 
Feet. Feet. 
8. Limestone (Fredericksburg and Glen Rose).........------ 450 | 450 
Zo IRGC! Fetal (MBI Seer aatesoers aoee eo sbens aaoraenbooeae 50 | 500 
GumReduclana (aAlCOZOIC) eats se ae wisn = ap ceo Se eee 50 590 
5. White limestone or marble (Paleozoic) -.-............---- 50 600 
AweBlackashalel@Paleozoie)Pasajs see soos acess 2 eee eee 400 1, 000 
SeSAnastonem CealeOZOlc) mee sere meee teee eeeee 30 1, 030 
Peeblackashalerandicoaly(Paleozo0ic))- 224+ se ame ences eee 70 1, 100 
iemohalerandcandm (zaleGZole)rn- s-eseenen cee eee. laste 775 1, 875 
| 


Near Copperas Cove (altitude 1,092 feet) the base of the Cretaceous 
formations is reached within 500 feet. Below this are Carboniferous 
rocks. Mr. S. H. Walton, of Belton, Texas, drilled a well near this 
place on the divide between the Lampasas and Cowhouse for Mr. R. T. 
Elliott. The depth was 1,865 feet, 1,365 feet of which was into the 
Paleozoic floor beneath the Cretaceous system. 

Water was reached in the Paluxy reservoir at approximately 128 
- feet, and in the upper Trinity reservoir at 246 feet, and the lower 
Trinity reservoir at about 500 feet. The water rose to within 100 feet 
of the surface, or to an altitude of 900 feet. Other nonflowing waters 
were reached in the Paleozoic rocks, but, as usual, they were excess- 
ively salty and destroyed the potable qualities of the waters from the 
Cretaceous formations. 

There are ten or fifteen flowing wells within a radius of 5 miles of 
Pidcoke in the valley of Cowhouse Creek. These all commence in the 
Walnut or Glen Rose formation, and, owing to their situation near 
the western border of the Cretaceous area, where the Glen Rose beds 
are thinnest, have to penetrate only to shallow depths to secure water. 

W.H. Belcher owns a flowing well 290 feet deep, located 1 mile from 
Pidcoke (altitude about 500 feet), in which water was reached at 140 
and 190 feet. He kindly furnishes the following section, which is 
typical of the region: 

Section No. 69.—SeEcTrIoN oF WELL oF W. H. BELCHER, 1 MILE FROM PIDCOKE, 
CoryELL County, TEXAs. 


Thickness. Depth. 


Feet. Feet. 
Smpoanogande stave ls (allusyauM)) |e ys isisere eee eee sel 25 25 
Amealoimestomes (Genk OSC ee sass es =o catne nace joer sels 150 175 
See LOnOUSEsan ds tOMen (bake: sa oa = ouch Senile aera neers 2 177 
MIIMESEOME (waleRiSeeping’) ys 2eene os 2 sates eee ae ee 100 277 
and stones (thy) e\scia= oe) Jo css fee's Ske eee es ee Bd 13 290 
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There are a number of flowing wells at Gatesville, from 500 to 700 
feet deep. The first flowing water is reached at about 500 feet, and 
is found ina very white pack sand, which is probably the t* reservoir. 
Some wells discharge a good stream at that depth and others very little. 
Several wells there have been drilled some 200 feet farther and find 
another flow, which furnishes more water, but the pressure is about 
the same. This is probably the basal or t* reservoir. Mr. S. H. 
Walton says that Gatesville is the only place he knows of in this 
county where a flow of good water has been secured below the t’ res- 
ervoir. The formation between t' and t? flows is a red clay and the 
lower water-bearing formation is a red gravel. Mr. Walton correctly 
thinks this reservoir is below the reservoir at Belton and had wells at 
the latter place gone 50 feet farther they would probably have reached 
this basal reservoir. 

The State of Texas drilled a well at the Reformatory, 3 miles north 
of Gatesville, but as in the case of all other State wells drilled at 
various localities and institutions, no record has been procurable.. 

The well of Dr. W. B. Newland, 6 miles southeast of Gatesville, 
presents the following section: 


Section No, 70.—Secrion oF WELL oF Dr. W. B. NEWLAND, 6 MILES SOUTHEAST OF 
GATESVILLE, CoryELL County, TEXAs. 


| Thickness. | Depth. 


Feet. Feet. 
7. Limestone (Fredericksburg division), (water at 120 feet) -- 120 120 
6: Marly clay oo se toe eee 2 ee eee oe 3 123 
5. Marl and limestone (Glen Rose, water at 300 feet) -...--.-- 350 473 


4 
3) IWihuite pai cles sanm clin (ie gavyere re) fre see tere a ee ee 20 505 
2) Elandystratiumoesimnlarst@MNOn ls epee 


{ 
| 

o eye . 2) | = 

. Stratum of hard siliceous limestone (t?) ......-...-----.-2 12 485 
| 


The well of T. Brock (887 feet deep, first water at 30 feet, second 
water at 350 feet, t? reservoir), 4 miles southeast from Leon Junction, 
illustrates a large number of wells which stop in the t’ reservoir. He 
gives the following section: 

Section No. 71.—SeEcrion or weELut oF T. Brock, 4 MILES SOUTHEAST FROM LEON 


Juncrion, CoryYELL County, Texas. 


| Thickness. | Depth. 


| Tet. Feet. 
Wihite lime rocki(Predenic¢ksbure)psaeee see oe eee eee eee 50 50 
Blue. lime. rock, by 5 20 Sess a a ee ee eee ee 100 150 
Soapstone and more blue rock (Glen Rose).....------------- 200 | 390 


Sand rock where water was obtained (t? reservoir) -....----- 37 387 
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Mr. J. F. Pruden, of The Grove, has kindly furnished a section of 
his well, from which the artesian conditions of the eastern half of the 
county may be inferred. In this area the surface formation is usually 
the Edwards and Georgetown formations. His 
well is 900 feet deep and presents the following "= 
section (see fig. 57): 


od <] 7) 100 
Secrion No. 72.—SEcTION OF WELL OF J. F. PrupEN, THE 
GRovE, CoryELL Country, TEXAs. 
200: 
(See fig. 57.) 


Thickness, Depth. 


Feet. Feet. 
Limestone (Edwards)....-...-.--- 300 300 
Marly clay (Walnut, in part, water 
alpassileeti (Rss aes ease cise 100 400 
Soitwimestoness (re seeer eee =. 500 900 
Wihitelpackisandl (t2) assess. 22-2 = IO |oeszcksase 


In this well, water was procured from three 
reservoirs, the Fredericksburg, the Glen Rose 
(t®) and the t’. The Fredericksburg water was 
procured from the horizon, approximately, of the 
Walnut clays of the Fredericksburg division, 
but which may be the attenuated Paluxy sands, 
and which was impregnated with ‘‘ salts and other 
things.” At 500 feet water was reached in the 
upper part of the Glen Rose beds and at 900 


feet the upper or t’ reservoir of the Trinity 16. 57.—Section of J. F. Pra- 
c den’s well in the village 


Cos SUR ye 


sands was encountered. The well stops about of The Grove, Coryell 
200 feet above the lower reservoir as developed cea ae Si Se 

3 : A . planation of symbols, see 
at Gatesville. The water rises in this well to Pl. XVI, p. 110.) 


within 20 feet of the surface. 

In the eastern portion there are many wells which penetrate only to 
the Fredericksburg and Glen Rose (t*) reservoirs. 

G. Y. Coap, of Straws Mill, says: ‘*‘ Have 9 wells in this portion of 
the county ranging from 125 to 175 feet; hard water.” These wells are 
all probably from the Fredericksburg division. 

J. Lynn, of Whitson, says: ‘‘We get water all around this post- 
office by boring from 150 to 500 feet.” These waters are derived from 
the Fredericksburg and t* reservoirs. 

In this county, as elsewhere, the artesian flows diminish with the 
increase of number of wells. G. T. Willis, who has a well 475 feet 
deep 150 yards northeast of the public square in Gatesville, states that 
his well ‘‘ flowed 13 gallons a minute at the start, but on account of 


Oe 
32 


21 GEOL, PT (—OL 
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other wells being drilled on lower ground it stopped flowing and stands 
a few feet below the surface. The water can be lowered to a depth 
of 20 feet, which I suppose is on a level with the flowing wells.” 

B. H. Baird, who has a flowing well 250 feet deep 2 miles south of 
Pidcoke, says: ‘‘There are 10 or 15 wells within a radius of 5 miles; 
some outflow 2 to 3 gallons per minute. Very little irrigation here, 
nor do I think it will answer for permanent irrigation; after two, 
three, or seven years the surface becomes hard and impenetrable; 
some people say it is the iron in the water and experiments and trials 
indicate the effects of iron held in solution. To a great majority this 
water is wholesome, and to many beneficial.” 


d Schedule of wells in Coryell County, Texas. 
ea | ty vi = a 
d ja -| 3 g 8 
ay oat |S iS 2 a 
Owner. Location, Shy Set || ae ie 3 ia c= 
= ee) a 3° : es] S 
Cpe |S 3 rae ier a ey 
to) 2 re) a 2 =| 3) 
a a fe) z i= o. = 
— ———— | es j= \s 
Feet. | Feet. | Feet. Feet, 
C.R. Warren.../.....-. TZOFO, eee ee eee 150) 110 | 150 10 | No. { 7 |} No 
M. W. Risinger....-..-..- Gatesville, 14 miles south 200 TON eee 150} No. ti No. 
of; Purmela, 14 miles 
south of. 
. fGatesville, 14 miles west 112 86 2 = 
L.P. Taffinder......... (oe wuiiela, atic tor 2) 66 { % \ No. | No. £ \ No. 
Dr. JM. Browmn:.=--.. - King, 1 mile west of...... 27D 22008 leat eee x 1 BG 
Wiley Basham......... IGN BISs ee cto saci eete ee 220 PAV i hate 73} Rossbcoced x bi x 
MyM. Woung ces nse Levita, 2} miles south- 340 | 150 x No. 1 No. 
west of. 
Me Sim psOnsaseeme i= toes x mile northeast) 361 12 { Bee \ escod| SOs 2] No 
BSH Bairds sees taase- Eid eoke, 2 miles south 2ODA| ooo sees x Boecerlloscoedes 
of.e 
W.H. Belcher ......... Pidcoke, 1 mile from..... 290 | 140 |..---- ecewences x 1 x 
Pideoke post-office, 2 |) Pra ihes 3 7 
CUM Clunenerssneea: { miles from, in a valley. |f 124) 24 rea Bs . |eboSod { 8 \ No. 
Sietemiacts seta dtoimard wetseete mei Pideoke post-office, on 250° 21009)" (250) |e ce cctececelie OX 1 
Cowhouse Creek. 
1 
G.L. Dickson ......:... e pene 2 andes oun \ 260)]....2. 45 j|Goneeceeen x : No. 
8 
ae satstea se Meee ee eee seis Copperas Cove post-office, 250 | 185] 240 Nome NOslaoseeenc 
near. 

{Copperas Cove post-office, |} | ¢ Nf 2 J 
$e OS a cance ce \ 4 miles north of. f 500 | 90 |..---- x No 3 \ No 
Riel mlliotteeeceese eae Copperas Cove ........... 1,875 | 128 {boat 1,400 | No. 3 No. 
Mr. Walton (reports) -.| Well at Copperas Cove...] 1,865 |....-..|....-- | LO ODU| meelerere | sialeotaismat 
JN SH See ee Hurst, } mile west from.. 316 BO eeacae | x No. 1 No. 
Han Bailey se eee: Hurst, 1: miles north- 342] 50| 324 x No. 1| No. 

west of. | 
BE 'BiiCasssce eee sceeee Gatesville, 8 miles west 612 | 150 | 402 | 462) NOS || c 2. econ No 
of. | 
| 
RJ. Brow ceessceeeee | Gatesville, in city limits.. 700) 1500s (460 eee ame es x 1 x 
ax=yes. 


b1, soft and potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, contains 
lime; 8, contains soda; 9, contains alkali; 10, contains potash; 11, contains alum; 12, contains mag- 
nesia. 

c A correspondent says there are 10 or 15 flowing wells at or near Pidcoke. 
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Schedule of wells in Coryell County, Texas—Continued. 
= ile! 2S 3 d 
i 5 ei{a).|| S z : ° 
Owner. Location. Lo} as = oe, = Gey 
3 ge 5 = = = & 
Sor, |i) heed reread 
S A fe) —4 fy o a 
Feet. Feet. | Feet Feet 
W.B. Newland ......-- Kat Crniles south \ 558) |e 120) st b00) ERE eee { 5 \ : 
|\fGatesville, 2} miles west || ~, 300 
JPA MOF a Mls tees l=) or f 500 65 1 475 \ Se nieeysei2 al 
Gatesville, 150 yards al 
Gee Williston ce rece ae- |; northeast of public B75 ececl cone No 3 
square. 4 
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Ba Cass: -ijeonnnicita Coryell, 3 miles east of... 940 60 { pee \ 890 | No 1 No 
TIBrOC Keres stewicencee Leon Junetion, 4 miles 387 30 | 350 200 | No. 9 No. 

southeast of. 
. 300 
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IL EEE Or 690 
Leon Junction, 4 miles 2 
SrpAsWivdleeceetecaer from southeast part of QW Bae eee No. | No. { 9 \ No. 
county. 
GaWe Dalton. cosas s02- Waldo, 2 miles south of .- 423.| 125) 420 338 | No. 3 No 
J. F. Pruden........... The Grove, in village of | £900] 388 |.600 { 88" |LNo. |........ 
IA MDOT seers wre fesie cle pera Grove,3 miles east Pay CAI) Semeeel | Gossanrisee x 1 No. 
of. 
. fOglesby, 2} miles west |) f on 3 
JepEeyMorristeseeee ee. Wy RoLittok } 500} 125 | 360 m No \ No. 
Oglesby, 4miles due west . 
We MeKelveyecesacaca- { of; 2 wells. 105 |f---2-|e-- = x No 4} No 
s 'sWhitson, } mile north- st (ne 1 
He COUSINS tee eerie ee | east of. TAO} | esl28 | reese 88 | No. { 9 
Jul. RCCGh a. sas sce ee- | Whitson post-office, 1 OY tesa aes x No. 1 No 
| mile north of. 
J. Anderson ............ Whitson, } mile south- 136 25 | 136 x No. 9 No. 
| east of. 
EB, G. Toliver .........- Whitson, ! mile south of.| 100/ 80] 90| + 30] No. { 3 |} No. 


TRAVIS COUNTY.’ 


Travis County hasan area of 1,040 square miles. Itissharply divided 
into two distinct major geographical districts—the Lampasas Cut Plain 
(or Edwards Plateau, as it is called, on the south side of the Colorado 
River) and the Black Prairie region. ‘These are separated from each 
other in the northern portion of the county by the sharply marked 
line of the Balcones escarpment, which runs northwest and southeast 
across the county from the vicinity of Cedar Valley toward Round 
Rock, in Williamson County. The country west of this line is that of 


1Detailed topographic and geologic maps of this county are published or in course ot publication 
by this Survey. 
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the highly dissected Lampasas (Edwards) Cut Plain, capped on the 
highest points by the firm resistant strata of the Edwards limestone. 
In this district the high summits have an altitude of 1,350 feet in the 
extreme northwestern corner of the county, standing nearly 600 feet 
above the catchment area of the Trinity reservoir, which follows the 
foot of the western escarpment of the cut plain in Burnet County. 
From this altitude the summit of the plain slopes southeastward to 
just west of Austin, where it attains an altitude of 925 feet, the highest 
point on the eastern margin of the plateau, being just northwest of 
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Fic. 58.—Artesian map of Travis County, Texas. 1, Area where wells less than 1,000 feet deep are 
likely to be obtained from the Basement Trinity reservoir; 2, area where conditions are affected 
by igneous rocks; 3, area where wells from 1,800 to 4,000 feet deep are obtainable from the Base- 
ment Trinity reservoir; @, flowing wells from Trinity reservoir; ©, nonflowing wells from the 
Trinity reservoir. 


Spicewood Springs. East of the Balcones fault, northeast of McNeil, 
the Black Prairie country is a low-lying plain, the higher profiles of 
which, as seen along the divide of the Brazos-Colorado drainage in 
the northern border of the county and Mustang Ridge in the southern 
part of the county, decrease in altitude from 900 feet at the western 
to 600 feet at the eastern boundary. Between these two plains, south 
of Amboy station, 6 miles north of Austin, there is a triangular area 
which broadens to the south and which is known west of Manchaca as 
the ‘‘ Hardscrabble” country. This is a portion of the downthrown 
coastal plain like the Black Prairie, but is underlain by different 
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geologic formations—those of the Washita division and the Edwards 
limestone. 

Running diagonally southeast and northwest through the county 
across the strike of these plains and fault lines, the Colorado River 
has incised a deep valley, which is sharply canyoned in the region of 
the cut plain. The bottom of this canyon is 750 feet below the high 
summit of the cut plain at the western end of the county, that being 
the distance between the river level (altitude 650 feet) west of Travis 
Peak post-office and the top of Postoak Ridge (altitude 1,350 feet). 
In the eastern part of the county, near Webberville, the valley is about 
200 feet below the summit level of the Black Prairie. The total fall of 
the river valley across the county is 300 feet, or from 650 feet on the 
west to 350 feet on the east. Thus it will be seen that the extremes of 
altitude of this county are greater than throughout the Black and 
Grand Prairies. 

GEOLOGY. 

The geologic features of the county are as follows: 

In the district of the Lampasas Cut Plain west of Roger’s ranch, 
Oak Hill (Oatmanyille), the State Encampment northwest of Austin, 
Amboy, and Duval, and east of McNeil, the strata are even bedded and 
uniform. The summit formation is the base of the Edwards lime- 
stone, which here dips parallel to the surface slope, or about 14 feet 
to the mile. Beneath this the Glen Rose formation, which constantly 
increases in thickness from west to east, usually constitutes the can- 
yon slopes down to the river’s level. Along the river west of Ander- 
son Mills the Travis Peak formation is exposed almost to its bottom. 
Immediately east of the main Balcones fault line (see Pl. LI, A) the 
strata have fallen down some 500 feet or more through faulting, so 
that the edges of the Edwards limestone of the lower Coastal Plain 
are opposed to the Travis Peak formation of the higher cut plain. 
Between this main fault and the top of the Austin chalk and Taylor 
marls, east of Austin, there is a zone of minor faulting which adds great 
complexity to the stratigraphic continuity. (See Pl. LI.) The part- 
ing between the Upper and Lower Cretaceous follows an irregular 
line west of Mountain City, Carpenters Hill, Manchaca, Davis Hill, 
Austin, Spicewood Springs, and between Spicewood Springs, Watters, 
and Merrilltown. From Spicewood Springs southward between the 
western border of the Black Prairie and the main Balcones Fault line in 
the Hardscrabble belt of country the Edwards limestone is the chief sur- 
face formation. The Georgetown limestone, Del Rio clay, and Buda 
limestone are exposed in faulted blocks at the western border of the 

-Black Prairie. The Eagle Ford formation outcrops in a narrow belt 
immediately beneath the western border of the Austin chalk. The lat 
ter formation constitutes a conspicuous belt of white-rock country 
through the center of the county, passing east of Merrilltown through 
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Fiskville, Austin, St. Elmo, Manchaca Springs, and southward toward 
Buda, Hays County. Eastward of the white-rock belt the Taylor marls 
form extensive prairie lands. The latter are bordered on the east by the 
Webberville formation of the Cretaceous, and these in turn are suc- 
ceeded east of Manor by the lower formations of the Eocene. At 
one point north of the river, or about 2 miles east of the station at 
Austin, there is a small outcrop of volcanic rock, while south of the 
river Pilot Knob is a conspicuous volcanic neck. Furthermore, on this 
side of the river there are many volcanic dikes which cut the sedimen- 
tary strata, notably at Kounz station and elsewhere. 

The surficial formations are also very extensively developed in this 
county, the Uvalde gravel capping all the high divides of the Black 
Prairie region, while there are remarkable terraces of the river 
alluvium in the Colorado Valley, especially in the Black Prairie 
district. 

An excellent detailed geologic map of the larger portion of this 
county has been made by this survey and will soon be published as a 
separate folio. 

WATER CONDITIONS. 


All of Travis County is underlain by the Trinity reservoirs, which 
outcrop as the Travis Peak beds at the extreme western edge of. the 
county and which are struck in the wells at Austin at depths of from 
1,500 to 2,000 feet, or from 1,000 to 1,500 feet below sea level. East 
of the Balcones Fault line the Fredericksburg reservoir is also 
embedded, and its waters are reached at Austin at a depth of 419 feet. 
The artesian reservoirs and conditions of availability are entirely dif- 
ferent in the Edwards Cut Plain, Hardscrabble, and Black Prairie 
districts. In the former the Trinity reservoirs alone are available, but 
it is hardly probable that fiowing water can be obtained at all in this 
district except in the immediate valley of the Colorado Canyon below 
altitudes of 650 feet. In the Hardsecrabble district the Fredericksburg 
reservoirs are embedded and available as well as the Trinity reservoirs. 
This district is excessively faulted and jointed, and many artesian 
springs reach the surface. In the Black Prairie district the Fred- 
ericksburg and Trinity reservoirs are deeply embedded, and the area 
in which deep-flowing wells can be obtained is extensive, practically 
including all points below 630 feet, except in the vicinity of the Pilot 
Knob, where voleanic rocks introduce an uncertain and unknown con- 
dition in the regularity of the strata. 
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ARTESIAN WELLS OF TRAVIS COUNTY, TEXAS. 
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The following is a list of wells reported from Travis County: 


Schedule of wells in Travis County, Texas. 


WELLS PENETRATING THE TRINITY RESERVOIRS. 
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WELLS PENETRATING THE FREDERICKSBURG RESERVOIR. 
Von Rosenburg.....-.- Manchaca post- |...-.- AA LOOK eter Se | terete mee A tether earns ees 
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Williamson Coun- f 100) 
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b1, soft and potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, con- 
tains lime; 8, contains soda; 9, contains alkali; 10, contains potash; 11, contains alum; 12, contains 
magnesia. 
WELLS FROM THE FREDERICKSBURG RESERVOIR. 
There are several wells in Travis County, principally along the 
western edge of the Black Prairie and between the latter and the Bal- 
cones Scarp line, which obtain considerable supplies of water from 


504 BLACK AND GRAND PRAIRIES, TEXAS. 


reservoirs in the Edwards limestone of the Fredericksburg division. 
Some of these wells flow, but most of them must be pumped. The 
water is usually highly charged with sulphur and mineral impurities. 
The most conspicuous example of a well of this character is the one 
bored by the State authorities on the capitol grounds in the year 
1858. This was carried to a depth of from 419 to 471 feet. This 
well obtained its water from the Edwards limestone in the Fred- 
ericksburg division. ‘The log of this well, as published by Dr. B. F. 
Shumard, the first State geologist of Texas, is much more detailed 
than any other in the neighborhood, and is here given.’ The charac- 
ter and thickness of the different strata passed through, as shown 
from an examination of the borings preserved by Mr. Peterson, are 
given in the section, Pl. LVI, B. 


Section No. 73.—LoG or oLp STATE CapiroL WELL, AUSTIN. 


Thickness. Depth. 


Fed] 
Feet. Feet. 
133 (Soil:and subsoil: 5 23 she Fe Se ee 5 5 


12. Soft, white chalky limestone, disintegrating more or less 
rapldly. once xpoOsuTe) torte vei Meese ee eee eee 18 


bo 
(ox) 


11. Moderately hard, bluish-gray and cream-colored argilla- 
ceous limestone, containing teeth and scales of fishes, 
TInoceramus ( Trichites) lerouxii, ammonites, and other 
fossilimemaing™ 222, Ae eo = ee een eae tees | 94 


105 Dark, blish-gray, indurated marl] = s2ses=5see sess ese 14 
9>iComipact, bluish-oray limestone) eee ae ne 31 


8. Blue, marly clay with fossil shells coated with iron pyrites, 
chiefly Exogyra arietina, Janira, and Dentalina ...-.---- 70 


=~] 


. Hard, dark bluish-gray, earthy pyritiferous limestone and | 
shale, containing Mxogyra arietina, Gryphexa pitcheri, 
Jamra, and Toxaster. Many of the fossils of these strata 
are wholly or in part composed of iron pyrites . -------- 47 


6. Soft, sandy, argillaceous limestone, with fossils like those 
LO} Ea (ee nen ane epee 2s Step MO LN Me eee 8 ee 25 


804 


5. Soft, earthy, sandy, fine-grained limestone of a dull-gray 

UG se Se eaten ere wit Src eRe yd 2 ee i a ee 6 310 
4. Indurated, bluish-gray silico-magnesian limestone, con- 
taining a good deal of sulphuret of iron. ..-..---.------ 6 | 316 


38. Grayish-white, earthy, fine-textured sandy limestone 
(magnesian?), with Toraster and Exogyra. Water at 
323 feet; rose 283 feet to within 40 feet of surface... ---- 13 329 


8 


Bluish-gray, sandy, magnesian limestone with thin marly 
partings and abounding in organic remains—Exogyra 
arietina, Gryphexa pitcheri, Janira, Dentalina, and fish 
teeth. Many of these fossils are coated with sulphuret 
of iron, which gives to them an elegantly bronze | 
appearance. oIee hs sone sass See eee oe ae eee eS 48 | 37 

1. Gray, earthy limestone, of a fine sandy texture, with gyp- 

sum, nodules of flint, and masses of iron pyrites, and 

also a few organic remains, chiefly Erogyra and Toxaster. 94 471 


1Texas Almanac, Richardson & Co., Vol. III, pp. 161-162, Galveston, 1859. 
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The foregoing section of Dr. Shumard’s may be interpreted as 
follows: 

No. 13 is the ancient terrace gravel. 

Nos. 12, 11, and 10 collectively represent the Austin chalk and the 
fish beds (**a” strata of MceGillvray’s logs). 

No. 9 is the Buda limestone (‘*4” strata of McGillvray’s logs). 

No. 8 is the Del Rio clay (‘‘¢” strata). 

No. 7, at 232 feet, seems to represent the upper part of stratum 
““d” of MeGillvray’s logs and the top of the combined Fort Worth 
and Edwards limestones. If this is so and the assumed thickness of 
the Fort Worth limestones, 70 feet, is correct, the top of the Edwards 
limestone lies 302 feet beneath the surface of the capitol grounds 
where this well was dug, and the flow of water struck at 323 feet in 
No. 11 comes from a horizon not over 21 feet beneath its summit. 

No. 6 may be the bottom of the Fort Worth beds, in which case 
the sulphur water struck would be only 27 feet below the summit of 
the Edwards limestone, or in the chalky beds immediately below 
those known as the ‘* lithographic flags.” 

The beds from 5 to 1, including 192 feet of strata, all undoubtedly 
belong to the Edwards limestone, extending downward into the mag- 
nesian beds exposed about 35 feet above the water in the Bee Caves 
bluffs. The interesting fact in relation to this Shumard well section 
is that every foot of the strata penetrated by the well can be seen 
outcropping within 4 miles of its location, in the western suburbs of 
Austin, to the mouth of Bee Creek. 

The writer has long doubted the accuracy of the paleontologic deter- 
minations of bed No. 2. Among the fossils enumerated are Lxogyra 
arieting and fish teeth, and the writer knows that these do not occur at 
this horizon. The specimens may have been mixed by the well drill. 
They certainly do not belong here. 

Dr. Francis Moore, in The Texas Almanac for 1860, page 96, has 
also given a section of this well, which disagrees with the one given by 
Dr. Shumard both in minor details and in total depth. Dr. Moore’s 
section is as follows: 


Section No. 74.—Oup Srare CapPiroL WELL, AS GIVEN BY Dr. Francis Moors. 


Feet. 
1. Limestone containing Ammonites, Inoceramus, ett....-.--.------------------ 18 
Pee crn ilAaccOuSMIMeStONe =< 16025 > onset nee ete e ten eee aa ee leas eases 58 
See DAT KCAL MONACCOUSMMAT Wen she 2.52 o<e cic cates ae een eee eee eee cto cee ae 24 
Ah SIEISG SOME AL 5 eas ee ae ae I Re RSE AI SS Se Tee ee 9 
5. Hard, compact, yellowish limestone with Hippurites ............----------- 35 
Bomeltresmmac lewsluhipror ites ae ets sce cree etna ete ea tege repent larte oe Siete fee ameneierais De, siemmierase 62 
(fmlinmestoneawithemasses| ol chert and flintec: ssss-cesss-2 sess 22) een 61 
SS}, Siilqeoms ITSO S. Shen oc ORS a ee eta ac a aia ine ae aE ne te 2 
9. Blue limestone with pyrites, minute Hogyra, etc...-...----.-------------- 150 


INOUE! 3 3 one oS SUES SAE & See RSE rE FR r eg eat RR a rs a te ete 419 
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The writer’s interpretation of these beds is as follows: Nos. 1 and 2, 
Austin chalk; 3 and 4, fish beds; 5, Buda limestone; 6, Del Rio clays; 
7, 8, and 9, Edwards limestone. 

Notes on three other wells, which are apparently of the same char- 
acter, are appended. 

Von Rosenberg & Summerson, of Manchaca, furnish the follow- 
ing facts concerning a well belonging to them located 400 feet from 
Manchaca post-office. The first stratum was of soft limestone (Austin 
chalk), commencing within 3 feet of the surface and of a depth of 
about 20 or 30 feet, where it changes to blue clay stone (Eagle Ford). 
This continued until a depth of 120 feet was reached, when a hard, 
light-colored stone (Georgetown formation) was struck, which changed 
but little until water was reached at a depth of 243 feet. The stone 
in which water was obtained was a porous limestone kind known as 
‘**honeycombed” rock (Edwards limestone). The well was drilled in 
1891, and since then has never shown the least shortage in water 
supply. It is 244 feet in depth. 

L. A. Adams, well driller, says that in a well 400 feet in depth, 
drilled by him between Round Rock and Austin, 14 miles south of 
Round Rock, he passed through the following material: 


Secrion No. 75.—SeEcrTioN OF WELL 14 MILES souTH OF Rounp Rock, Travis Counry, 


TEXAS. 

| Thickness. Depth. 

Feet. Feet. 
12 ellowalimestones (Austin)! >>.-25s-esse 2 eee eee eee ee 35 35 
1S ight-blue limestone! (Austini)=-esee see nee eee anaes 55 90 
LOMB luemmanril(MagletHord) 226. ee see eae eee eee eeeeees 50 140 
OiHardtoray, limestones(Buda)i= asses -esee eee eee ee eee eee 45 185 
8: -Blieanarl a (Dela O) Nee Aka: sane See ae nersee eee eee 400) 230 
7. Light-blue limestone (Georgetown) -..-----.------------ 100 | 3930 
65 aGrayalimestomer (i dtwards)) ie sere aera ae 30 360 
5}. Wellow limestones (Edwards) sem sre see ee eee ae 102: 370 
4. Porous limestone, light brown (Edwards) -.........-.-.--- 15= | 385 
3. Sandstone (@Eidiwalrds)) eee eae eee 20= | 405 
2. sBlackstint\ (idiwards) sess eee ease eee eae eee 22 | 407 


1. Sandstone and water rock combined (Edwards)-......-- 40+ | 447 
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Mr. J. J. Davis reports that his well is 350 feet deep and is located 
4 miles north of Manchaca. He gives the following section of the well: 


Secrion No. 76.—SEcTION OF WELL oF J. J. Davis, 4 MILES NORTH OF MANCHACA, 
Travis County, Texas. 


Thickness. Depth. 
Feet. Feet. 
Gardomimelayean Geen avels ser (a= hein eye se ee orn a a eee oe 13 13 
Dem Olmurc lava (Hag lewBiords)\ 2. ca 4c e nee see teec ae oe ayee eee 67 | 80 
4, White lime rock (Buda and Del Rio)...............-..-.- 50 | 130 
Sp eluewlava coudarand) Del Rio) se eee ecesaes see aa aeeeee 10 | 140 
2. Rock mixed with clay and yellow sand (Georgetown and | 
BON WENGE) 6 So tbe neg ee SI eet rte ti ee ee SO 210 350) 
1. White sand rock with water (Georgetown and Edwards)... 


WELLS FROM THE TRINITY RESERVOIRS. 


Throughout the portion of the county situated in the Lampasas 
(Edwards) Cut Plain shallow, nonflowing artesian wells are obtained 
from the upper Trinity reservoirs. 

According to the postmaster at Volente, near the mouth of Cypress 
Creek, where the base of the Glen Rose formation outcrops, several 
wells in that immediate vicinity obtain water at a depth of about 150 
feet from the Trinity reservoirs. One of these gives strong sulphur 
water; the others are slightly sulphur. 

J. Williams, 1 mile south of Volente, states that the following mate- 
rial was passed through in drilling his well: Clay, 4 feet; limestone, 
76 feet; sandstone, 20 feet. The well is 100 feet deep. 

R. A. Moore reports that his well, one-half mile from Cedar Valley, 
is 160 feet deep; was drilled all the way through solid blue limestone. 
The water in this well rises about 30 feet from the bottom of the well. 

Successful flowing artesian wells have been obtained at only two 
localities in Travis County—at Austin and Manor—both in the Black 
Prairie district. 

At least six flowing artesian wells have been sunk in the vicinity of 
Austin—one at the State Institution for Colored Dependents, altitude 
650 feet; the Groom well (Pl. LVI, 7), altitude about 615 feet, and one 
at the insane asylum (PI. LVI, /), altitude 635 feet, both in the 
northern suburbs of the city beyond the university; two on the capitol 
grounds (Pl. LVI, 2 and C’), altitude 520 feet; one on Fifth street 
east, altitude 500 feet, and one at St. Edwards College, altitude 660 
feet, 2 miles south of the river. They all pass through similar forma- 
tions as far as they go, but the Asylum and St. Edwards wells are the 
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only ones which have been drilled to the basal Trinity beds. The flow- 
ing well at Manor (Pl. LVI, //) was drilled to a total depth of 2,560 
feet, as elsewhere described. 

Attempts to obtain water have been made at the Institution for Col- 
ored Dependents, northwest of Austin at Watters, and on a farm near 
Creedmoor. The first two wells were not drilled to a sufficient depth 
to reach the basement Trinity reservoirs which furnish a flow. The 
writer has been unable to secure returns concerning the latter. 

The Groom and Capitol wells at the present time have only a small 
discharge, 5,000 or 6,000 gallons a day. The Asylum well (altitude 635 
feet) had a discharge of 150,000 gallons a day and threw the water toa 
height of 40 feet. In St. Edwards well, which is 25 feet higher in 
elevation than the latter and obtains its supply from the same source, 
the water comes within about 5 feet of the surface and has to be pumped. 

The Natatorium well (altitude 490 feet) discharges 250,000 gallons 
per day. The fact that the water does not flow out at the surface at 
St. Edward’s College (altitude 660 feet) would indicate that the 650- 
foot contour on the Austin sheet marks the possible limit of flowing 
wells in the vicinity. 

The Asylum well is 1,975 feet deep, and the material passed through 
in order downward from the surface, as reported by Mr. McGillvray, 
the driller, is as follows: 


Section No. 77.—LoG or wety at Insane AsyLuM (ALTITUDE 635 FEET), AUSTIN. a 


(See Pi. LYI, £.) 


Thickness. Depth. 


Feet. Feet. 

10! Darkishale sus.) 205-3 Se eee 80 80 
QO) sViery; hardiliimestone (Buda) S_— seeps - ee ae ee eee 25 105 
8 Bluenmarls(DelMRio)) 22.539 2. ee ee eee eee 90 195 
7. Limestone and alternations of limestone, marl, and sand.) 1, 105 1, 300 
6) Wiater-beaning samdyo\(t3)|h) 9222s oe eee 15 1, 315 
5a Timiestone so ee ue ees 60 1, 375 
4. Rotten: shale lees yes oe eee ee eee 50 1, 425 
3: Jamestonen aes pee oe er ee, ee 60 1, 485 
2) Sands, water-peaning (i) amd: t2)\ ae 2 eee 315 1, 800 
1_ Bluetshaleorananls mo limestones: -- ae aes eee eee 175 1, 975 


aStatisties collected by Mr. Cyrus C. Babb, U. S. Geol. Survey. 
b2 to 6 inclusive=490 feet. 


Mr. MeGillvray states that stratum 9 is very hard limestone and is 
sasily recognized whenever encountered; stratum 7 contains occasional 
streaks of shaly water-bearing sand. In the Capitol well, at 400 feet, 
a small flow having a disagreeable odor was encountered. The beds 
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marked 2, or the 315 feet of Trinity (Travis Peak) sands, consist of 
alternate bands of from 25 to 35 feet of thin sand 
and trom 5 to 6 feet of brown and reddish shale, and 
are the equivalent of the t’ and t’ artesian reservoirs 
of the Waco wells. 100 

These strata represented the following formations: 

10. The lower part of the 80 feet of dark shale 2°° 
is the Eagle Ford shale, locally known as the ‘‘ Fish 
beds.” The surface portion is composed of Pleisto-  2°° 
cene terrace material. 

9. The 25 feet of very hard limestone represent 
the upper portion of the Buda beds. 

8. The 90 feet of blue marls are the Del Rio beds. 

7. The 1,105 feet of limestone include 70 feet of 
the Fort Worth limestone, about 250 feet of the Ed- 
wards limestone, about 60 feet of the Comanche Peak 
and Walnut beds, 450 to 500 feet of the Glen Rose 
formation, and 275 to 225 feet of the Travis Peak. 

6-2. These beds (490 feet) are probably the base- 
ment beds of the Travis Peak formation of the 
Trinity division. 

1. This stratum may or may not belong to for- 
mations older than the Cretaceous. 

It should be borne in mind that the thickness of 
strata as reported from churn well drillings is never 
accurate within 10 feet or more. 

The Groom well, altitude 615 feet, is 1,300 feet 
deep, and is said to receive its supply of water from 
stratum 6. The total depth of the new Capitol well 
is about 1,450 feet. Its water is supposed to have its 
source in a stratum similar to that of the Groom 
well, but 100 feet deeper. The surface of the Cap- 
itol well is 65 feet lower than the Groom well. This 
would give a difference of 165 feet in the depth of 
stratum 6 in the two wells. This difference may 
result from downthrow by faulting between the two 
localities. 

The St. Edward’s well, sunk in the winter of 
1892-93, is 2,053 feet deep and obtains its supply 
from the basement reservoirs (t' and t’). At this — _ : 

¥ q 2 ‘ 5 Fic. 59.—Details of the 
point the surface is near the top of the Austin chalk Natatorium well at 
and is 500 feet above the bottom of the blue marl. Ben eae 

The following record of the Natatorium well, on maeioalcon poten 
East Fifth street, will also afford an idea of the (TS EO 


: symbols see Pl. XVI, 
nature of the rocks encountered. p. 110.) 


FEET 
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50 
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200} 


300 


4200 


soo 


a 


Fie. 60.—Artesian well at 
Natatorium, Austin, 
Texas. (For explana- 
tion of symbols see Pl. 
XVI, p.110.) 


Srecrion No. 78.—SECTION OF WELL CORNER OF FIFTH AND 
San Jacinto streets, Austin, Travis County, Texas. 


(See fig. 60.) 


Thickness. | Depth. 
Feet. | Feet. 
WO Surface dint se eee | 20 | 20 
18.’ Gravel bed (water)..-----. 2-2... 5 | 25 
7. Limestone! ss2hc-.- ee eee eee 100 | 125 
16. Shales... 70 | 195 
1153. aimestone! te-2 ee ee eee 25 | 220 
14.) Blue‘marl.. 222220 os6e eee 40 260 
3:, Jhimestone)- 3222 ease eee 100 | 360 
125 ‘Sand Tock]. -2 ace see 10 370 
Tile: DLimestone 3. saeee eee eee 70 440 
10. Sand rock and limestone (f) (sul- | 
phx wateria) i= -es see 150 590 
9) imestonel(@2))=e eee eee 600 Zp 190 
8. Sand rock (water) (r or t*)....... 25 1, 215 
7 Wamestonel (i) passe aeee see 300 1,515 
6), Blue shale 222-2 3235 eee 60 1,575 
ben limestones (G)) pee re eee eee 100 | 1,675 
4, Sand rock, main flow (t?).....-..- 200 | 1, 875 
3p Blue:shalessssceee eee eee eee 40 | 1,915 
2, Sand TOK ((t))asesee see see eee 50 1, 965 
1. Blue'shale: ...222 4eees see eee 60 2, 025 
Shales. £2.2:6.6 a eee Bertie agekt ae es gee es a 


aSee analysis, table opposite p. 448. 


The well at the Colored Asylum, 2 or 3 miles 
northwest of the State capitol, commences in the 
Buda limestone and passes through the Del Rio 
and Fort Worth beds and the Edwards limestone, 
penetrating the Glen Rose formation. The water 
probably comes from the t® reservoir. It does not 
rise to the surface. 

It has not been possible to obtain a complete log 
of the second well bored by the State upon the 
capitol grounds about ten years ago. It is reported 
that it was drilled to about 1,450 feet and stopped 
justas it reached and before completely penetrat- 
ing the greater Basement group of water-bearing 
strata. Hence its flow, which probably comes 
from the t® reservoir, is feeble. 


A yaluable contribution to the knowledge of the extent of the 
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artesian field in Travis County was made by 
the drilling of the well at Manor in 1895. This 
well is situated about 20 miles east of Austin, 
near the extreme eastern margin of the Black 
Prairie and on the outcrop of the base of the 
lower portion of the equivalent of the Eagle 
Pass beds. Through the kindness of Mr. G. 
J. Eppright the writer has obtained the follow- 
ing log of this well, which enables him to locate 
the water vein with some definiteness and also 
to ascertain the thickness of the Taylor and Aus- 
tin beds of the Upper Cretaceous, which had 
not before been accurately measured. (See 
fig. 61.) 


Section No. 79.—LoG or ARTESIAN WELL AT MANOR, 
Texas, BY G. J. EPPRIGHT, CONTRACTOR. 


(See fig. 61.) 
Thickness. Depth. 
Feet. Feet. 
NGS Ieee (@)) seaccocosoosoede 6 
1b, Wallon @bn7 (@)sccesconsgcseeoue 11 17 
14. Flint rock and gravel (g)..-.... 3 | 20 
13. Yellow and joint clay (g)..-----| 30 50 
12. Blueclay. At 400 feet blue clay 
gets lighter color; from 435 to 
480 very dark and caves some 
(1) eee Sadabgakecous Seeueeee 540 | 590 
11. Rock. At about 800 feet deep 
soft strata in rock (a).....--- 410 1, 000 
10. Shale. Caves badly (b) ..---.-- 25 1, 025 
Gh LalenRol TOO (Bb) 2c. Sueceedooees 50 1, 075 
Gh Isillne Obny (GP) eccecccssesseepe 60 1, 135 
7. Lime rock. Water at 1,250 
feet—no good (gt).-.---.--.- 115 1, 250 
6. Rock. At 1,300 feet pyrites 
bowlderi(e) sees ee eso. 50 1, 300 
5. Rock. Hard and soft in places 
(Cee er 70 1,370 
4. Sandy and soft rock (e)....--.- 8 1, 378 
Bis JUNHO (@)) Coccacseoscosesea| 42 1, 420 
Stopped drilling at 1,420 feet, in 
hard gray rock. (r?) 


Mr. Eppright’s contract ceased at 1,420 feet. 
The well was continued below that point by 
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Fig. 61.—Partial section of 


well at Manor, Texas. 
(For explanation of sym- 
bols see Pl. XVI, p. 110.) 
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Mr. W. H. McGillvray to a depth of 2,000 feet. The following 
record below 1,420 feet is from Mr. MecGillvray: 


Secrion No. 79, continued.—LoG oF ARTESIAN WELL AT Manor, TEXAs. 


Thickness. ‘Total depth. 


Feet. Feet. 
3. Nolidvlimrestome: u2=.. 252-2 edseee eae eee eC ee eee eee 480 1, 900 
2 pluemnarle no se- esos Bos Sasenstaesoscas ssocnsascesoe 10 1, 910 
W..Solidslimestoné:.! =. 320 423522 eee ee ee ane eee 440 2, 350 


At a depth of 2,350 feet Mr. Wilbahn succeeded Mr. McGillvray as 
contractor. He carried the well down to 2,560 feet. The writer has 
been unable to secure a log of the 210 feet drilled by Mr. Wilbahn. At 
2,560 feet flowing water was obtained in a fine-grained calcareous sand. 

Having very recently studied the section of the rocks through which 
the Manor well passes, the writer can approximately identify the 
different strata as follows: ae 

16, 15, and 14 are the post-Cretaceous Uvalde formation, here hay- 
ing a total thickness of 20 feet. 

13 to 12 are the Webberville and Taylor marls or ‘‘joint clays.” 

11, 10, and 9 are the Austin chalk, having an aggregate thickness of 
410 feet. 

8 is the Eagle Ford shale, and is stratum 10 of the Asylum well 
section at Austin. 

7 is the Buda limestone. 

6 is the Del Rio clay. 

5, 4, and 3 are the upper part of the limestone group, 7 on the Aus- 
tin section. 

2. Salt clay occurs at 1,920 feet. 

1. Bottom of well at last information, April 19, 1897, was 2,220 feet. 
This lies close to the base of the Cretaceous system at a depth of 
from 1,400 to 1,750 feet below the top of the Buda limestone. 

Quantity of water discharged per hour when well was at a depth of 
1,420 feet, 4,1663 gallons. Size of discharge pipe, 6 inches. Temper- 
ature of water, 93°. 

Water from the f reservoir will rise in pipe about 30 feet above the 
surface. The first effort to drill this well failed, as it caved in at the 
depth of about 1,100 feet. The present well, bored by Mr. G. J. 
Eppright, was finished about February 13, 1896, and cost $4,060. 

A specimen of the sand from the bottom of the well was kindly fur- 
nished by Mr. Eppright. It is a very fine-grained calcareous pack 
sand, such as is always found at a considerable distance above the Paleo- 
zoic floor of the Cretaceous rocks and indicates that the basement or 
t' reservoir has not yet been reached at Manor. The present water at 
2,560 feet in all probability represents the t* reservoir. 
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The base of the Austin chalk in the Manor well is 1,000 feet below 
the surface. At Austin 1,900 feet of strata intervene between this 
horizon and the bottom of the t' reservoir. The Manor well has pene- 
trated only 1,560 feet of the strata below the Austin chalk, and still 
lacks 340 feet of attaining the depth which has been reached at Austin. 
To this must probably be added 140 feet or more, representing the 
average eastward thickening of the strata, making a total of 480 feet 
which must be drilled to reach the bottom of the Cretaceous at a depth 
of 3,040 feet. 

All the information the writer has been able to obtain concerning 
the deep flowing wells of Austin and Manor is plotted upon figs. 59 
and 61, and Pl. LVI. He has endeavored to show the geologic posi- 
tion of the surface at the location of the well, and has referred all the 
wells to a common geologic datum—the top of the Buda limestone, 
which seems to be recognizable in most of the well records. 

From the records thus plotted valuable generalizations can be made, 
as follows: There are at least three important water-bearing horizons 
in the Lower Cretaceous series beneath Austin. The first of these, 
the Fredericksburg reservoir, which is conspicuously illustrated by the 
Manor flow of 1896, is recognizable in the old and new Capitol wells 
and in the Sixth street well. This water was also probably struck in 
the other three wells, but we have no detailed record thereof. It is 
highly charged with sulphur and injurious mineral ingredients, as will 
be described later, and in all instances where encountered should be 
cased off. This water is most probably obtained in the Edwards beds 
from strata which, according to the best computations we can make at 
present, lie from 21 to 50 feet below their summit, or 90 to 140 feet 
below the summit of the combined Georgetown-Edwards limestone 
group, commencing below the Del Rio clays.’ 

The next flowing reservoir (t*) occurs about 1,000 feet lower in the 
series, in strata which may be considered as practically the transition 
ground between the Glen Rose and Travis Peak beds. This water is 
from the uppermost of the water-bearing strata characterizing the base 
of the Cretaceous. 

In the Asylum well the above-mentioned flow is separated by about 
160 feet of limestone and shale from the third and lowest of the water 
reservoirs (t' and t’) the basement, Travis Peak, or ‘** Trinity” sands. 
This is ordinarily the most productive of all the reservoirs of the 
series. According to Mr. McGillvray’s record these water-bearing 
beds are 315 feet in thickness and are marked by thin bands of reddish 
clay. e 

So far as the data at hand can be interpreted it will be seen that 


1 According to the best computations we can make at present sulphur water was struck in the 
Edwards formation at a depth of 120 feet below the bottom of the Del Rio clays in the Sixth street 
well, 78 feet in the old Capitol well, 50 feet in the new Capitol well, and 35 feet in the Manor well. 
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only one of the wells has positively penetrated to the bottom of the 
entire series of beds composing the Cretaceous system, thereby ex- 
ploiting its fullest capacity and reaching into the underlying imper- 
vious Paleozoic formations. This is the well at the insaneasylum. It 
is very probable that the well at St. Edward’s College has also pene- 
trated the entire thickness of water-bearing strata, but we have been 
unable to obtain an exact log of it. All the other wells are incom- 
plete, inasmuch as they have not reached the best water of the district— 
the t' reservoir. 


WILLIAMSON COUNTY. 


This county, with an area of about 1,148 square miles, has one of 
the most irregular outlines of any in Texas. Its width from north to 
south is 30 miles and from east to west nearly 55 miles. It comprises 
nearly all the belts of Black and Grand Prairie country, as shown 
upon the geologic map (Pl. LX VJ), and is situated directly in the main 
artesian belt of counties. 

The relief of the county, which is mapped upon the Taylor, George- 
town, Bastrop, and Austin atlas sheets of the United States Geological 
Survey, is diversified. In that portion of the county lying west of 
the Balcones fault, which approximately runs north and south through 
Round Rock, Georgetown, and Belton, it consists of the intensely dis- 
sected uplands of the Lampasas Cut Plain. East of this line the sur- 
face is composed of the rolling black land prairies. A narrow belt 
along the western prairie of the latter east of Round Rock, George- 
town, and Corn Hill represents the southern continuation of the Grand 
Prairie of the Fort Worth type. The altitude varies from 1,400 feet 
on the west to 500 feet on the extreme east. 


GEOLOGY. 


The surface rocks of the county consist of the Glen Rose, Walnut, 
Comanche Peak, and Edwards formations in the Lampasas Cut Plain, 
or that portion of the county west of the Balcones fault line. In this 
district the Edwards limestone is approximately a cap rock which sur- 
mounts the highest divides and dips coincidently with the regional 
slope. The other fcrmations are exposed in the valley ways incised 
below the level of this plateau. In the Black Prairie region east of 
the Balcones fault line the formations in ascending series and succeed- 
ing each other eastward consist of the Edwards, the Georgetown, the 
Del Rio, and Buda formations of the Lower Cretaceous, which occur 
only in a narrow belt just along the western border of the Black 
Prairie, and the Austin and Taylor formations, which constitute the 
greater area of the Black Land country, and the Navarro and Eocene 
formation in the extreme eastern portion of the county. 

The entire county is underlain by the Trinity and Fredericksburg 
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reservoirs. The Paluxy and Woodbine reservoirs do not extend into 
this county. In the western part or district of the Lampasas Cut Plain 
the Fredericksburg reservoir is not embedded, and hence need not 
be considered. The Trinity reservoirs are available in the valleys of 
the many deeply-incised streams, such as the North and South Forks 
of the Salado, Barry Creek, the North and South Forks of the San 
Gabriel, and the headwaters of Brushy Creek, at depths of from 200 
feet on the western edge to 500 feet at the Balcones fault zone. 

The conditions in these valleys are very similar to those in the 
Lampasas Valley in Beli County, already described, only the valleys 
are not cut quite so deep beneath the regional surface as is the valley 
of that river, and hence the conditions for obtaining flowing wells are 


=a 
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Fic, 62.—Artesian map of Williamson County, Texas. Shaded portion indicates area where flowing 
wells may be obtained; @, flowing wells from Trinity reservoir; CO, nonflowing wells from Trinity 
reservoir; figures indicate depths of wells in feet. 


inferior. In the district east of the Balcones fault line the Fred- 
ericksburg and Trinity reservoirs are both embedded, owing to the 
sudden downthrow of the geologic series of approximately 500 feet 
along the fault line. At Round Rock, near the western border of this 
district, the lower Trinity reservoir is some 1,400 feet from the sur- 
face and more deeply embedded eastward, as shown in the discussions 
of Bell County to the north and Travis County to the south. 

The conditions at the extreme eastern corner of the county are very 
similar to those at Marlin and Hubbard City, except that the Paluxy 
and Woodbine reservoirs encountered in those wells would not be 
reached here, and it is doubtful if a well under 3,500 feet in depth 
would reach below the Fredericksburg division. Fortunately there 
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are no cities or towns in this portion of the county requiring water 
supplies. 

The value of the Fredericksburg (or San Antonio) reservoir in this 
county has not been fully determined. It is the writer’s opinion, 
however, that the 1,500-foot well at Taylor obtains its water from 
this reservoir. This opinion is based upon studies of the geologic 
formations and the similarities in the occurrence of this water at 
Manor and Austin. According to his studies the Basement sands at 
Taylor should be fully 2,500 feet beneath the surface. In that portion 
of the county lying east of Taylor the reservoirs become practically 
embedded beyond the belt of availability, and the agricultural com- 
munity must depend upon surface wells or cisterns. 

The western half of Williamson County is mostly too high to permit 
the rise of artesian waters to the surface, except in the low stream 
valleys. Only the eastern third of the county is below 700 feet, and 
flowing water can not be expected to reach the surface in the remain- 
ing portions of the county, except possibly in the deep valleys west of 
a line drawn from Leander to Corn Hill. a 

In general, it may be concluded that in this county flowing wells from 
the Trinity reservoirs are not likely to be obtained on the uplands, 
except in those portions of the eastern half of the county below an 
altitude of 700 feet, and that such wells must be drilled to approximate 
depths of 2,000 feet or more, the depth increasing to the eastward. In 
the portion of the county west of the Balcones fault line nontlow- 
ing wells from these reservoirs should be obtained at depths of less 
than 900 feet, the depth decreasing to the westward. It is also proba- 
ble that shallow flowing wells similar to those of southwestern Bell 
County and Coryell County may be obtained up the stream valleys of 
the forks of the San Gabriel anywhere west of the Balcones fault line. 


DEVELOPMENT, 


In Williamson County artesian experiments have been relatively few 
and incomplete, but some important deductions can be made from such 
wells as have been drilled. Several deep-flowing wells have been 
drilled at Taylor in the Black Prairie belt; one flowing well 96 feet 
deep is reported by Mrs. Mary 8S. Keen, 11 miles west of Georgetown, on 
the North Fork of the San Gabriel; one flowing well 279 feet deep, by 
T. Cooper, about 6 miles east of Georgetown, and a few shallow wells 
at the junction of Dry and Running Brushy creeks west of Round Rock. 

The only complete artesian experiment thus far made in the county 
is the nonflowing well at Round Rock (altitude 720 feet). This well 
is 1,400 feet deep, and the water rises to within 4 feet of the surface. 
This well commences near the contact between the Washita and 
Fredericksburg divisions, and probably derives its water from the t’ 
reservoir. The well penetrates nearly all the geologic series from the 
top of the Edwards to the base of the Trinity division, as shown in the 
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Austirsection, deriving waters at 100 feet, 500 feet, and 1,400 feet from 
the Fredericksburg, t®, and t’ reservoirs, respectively. The 100-foot 
water is strongly mineral, and is derived from the Fredericksburg 
reservoir. The 500-foot water is also strongly impregnated with min- 
eral matter. This is undoubtedly from the celestite and epsomite beds 
of the Glen Rose formation (t*), while the 1,800-foot water is from 
one of the lower Trinity reservoirs (t' or t’), as at Waco and Austin. 

At Taylor (altitude 560 feet) several deep-flowing wells, the exact 
records of which are unobtainable, have been drilled to depths approxi- 
mating 1,500 feet. The earliest of these wells flowed abundantly, 
throwing tbe water from a 4-inch pipe to a height of 40 feet, but the 
wells have ceased to flow at the surface. Another well drilled at this 
place failed to secure any flow at all. It is unfortunate that records 
and specimens from these wells were not preserved. 

Mr. H. C. Mantor kindly furnishes the following data concerning 
the wells at Taylor: 

There have been four deep wells bored in this city, as follows: First, a well in the 
north-central part of the city on the block south of the public school. This well was 
bored in the spring of 1890. It is 1,450 feet deep. At the time of its completion the 
flow was estimated at about 140,000 gallons in twenty-four hours; the flow has di- 
minished somewhat, but is still more than 100,000 in twenty-four hours; the tempera- 
ture of the water is something over 90°. 

The second well was bored a few years later, and is situated about 350 feet west of 
the first well, and is 1,600 feet deep. The flow is smail, but still continues. I can 
secure no estimate of the flow. 

The third well is situated about 500 feet east of the first well. Itis 2,400 feet deep, 
with a small and unsatisfactory flow. The second and third wells were sunk by 
the Taylor Water Company and they haye them turned into their reservoir. 

The fourth and last well is in the southern part of the city in the Washington 
Heights addition; it is nearly south of the first well, is 1,425 feet deep, and hasa much 
better flow than any of the wells except the first; is a qualified success. 

The water in all these wells does not appear to be suited to use in boilers and for 
mechanical purposes; is considered medicinal and splendid for bathing. I regret 
that I am able to give you only an incomplete report on these wells and that I can 
secure none of the rock gotten out of any of them; none has been preserved and so 
long a time has elapsed since they were bored that I can get none from the surface 
around them. All these wells are still flowing, but I think that the first one is the 
only really successful one; it was bored by a stock company, and the Washington 
Heights one by the parties owning that addition to the city. 

The town of Taylor is situated upon a horizon of the Taylor marls 
from 600 to 800 feet above the base of the Austin chalk, below which, 
between Waco and Austin, the Trinity reservoirs lie at an average 
depth of 1,800 feet. It follows from this that Taylor is situated about 
2,600 feet above the big flows of the Trinity, and the flow struck inthe 
first well there, if its depth is 1,500 feet, as reported, must have been 
- from a horizon much higher than the Trinity reservoirs—either at the 
top of the Glen Rose beds or in the Edwards limestone, more probably 
the latter. Hence the hypothetical conclusion is reached that the 
wells at Taylor have not been drilled to sufficient depths to fully 
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exploit the artesian resources beneath that city and beneath the Black 
Prairie belt in Williamson County. 
The following important deductions may be made from the Round 


Rock experiment (see fig. 63): 


1. That the potable Trinity reservoir is reached in central William- 
son County at a depth of 1,400 feet below the top of the Georgetown 


ROUND ROCK, TAYLOR. 
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Fic. 63.—Comparison of wells at Round 
Rock and Taylor, Texas, showing in- 
completeness of latter. (For expla- 
nation of symbols see Pl. XVI, p. 
110.) 


formation and should be reached at a 
similar depth at Georgetown and other 
points along the strike of that formation. 

2. That the Trinity water will rise to 
about 715 feet above sea level in this 
vicinity. 

3. That at Taylor, which is situated 
about 1,000 feet higher in the geologic 
series, the wells drilled have only pene- 
trated approximately to the f reservoir, 
and are incomplete relative to the Trinity 
reservoirs by 900 feet of penetration. 

A few miles above Round Rock, in the 
forks of Brushy Creek, there are some 
shallow flowing wells about 100 feet 
deep, which derive their water from the 
Glen Rose or t® reservoir. 

Mrs. Keen’s shallow flowing well upon 
the North Fork of the San Gabriel and 
those at the junction of the branches of 
Brushy Creek are shallow wells of the 
Glen Rose formation similar to those of 
the Lampasas Valley as described in 
Lampasas County. 

Mr. T. Cooper reports a flowing well 
about 6 miles east of Georgetown and 
about one-third the distance between the 
latter town and Taylor, which is said to 
be only 279 feet deep. ‘There is not 


sufficient data at hand to permit any conclusions concerning this well. 
The following material was penetrated: 


Secrion No. 80.—SrctTion OF WELL OF T. CoopEr, ABOUT 6 MILES EAST OF GEORGE- 
TOWN, WILLIAMSON County, TEXAs. 


Graveln2 3-50 fe Se eee 
Soapstonee ss see sos oe ee eee 
Sandstone. 20. 20 So Goeeee seer 


| Thickness. | Depth. 
| — 
. % | 
Feet. Feet. 
ee a Hoes ne 5 15 
Co ae om Weeeeeenen se cee ene 255 270 
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At Georgetown, the county seat, no attempt has 
been made to secure a deep artesian well. Several 
wells have been drilled from 200 to 285 feet. The 
city well is 193 feet deep, and supplies fresh water, 
which is pumped to a stand pipe 114 feet above the 
San Gabriel River. The writer has an unverified 
report of an artesian well 2 miles east of the town 
which is 320 feet to first water and 520 feet to sul- 
phur water. Another well, owned by Mr. Schell, 
between the North and South San Gabriel, is 310 
feet deep. A well drilled at this place would prob- 
ably pass through the same section as at Round 
Rock, and would have to go to the same depth, 
approximately 1,400 feet, to reach the Trinity reser- 
voir. This water would not rise to the surface at 
the town (altitude at station 753 feet), but would 
probably flow in the valley of the San Gabriel in 
the northern suburbs, where the altitude is less than 
650 feet. 
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Mr. R. R. Allen, well driller, states that his non- i $8 
flowing well, 153 feet in depth, located 3 miles north- i ae 
east of Cedar Park, was drilled six years ago, and ~ Ree 
contains about 100 feet of water. Drought has no iB 8 
effect on it. The material was white and blue lime- 
stone to within a few feet of water, when water was 2 
struck in sand rock. In his well, and in nearly all 3 
wells drilled by him, something like tar is found, fa 


having the smell of coal tar. Never, except in a 
few instances, has he found any amount of water in 
limestone. The depth of water varies from 100 to 
300 feet. 

Mr. H. C. Smith states that his nonflowing well 
is 169 feet deep and is located 2 miles southeast of 
Cedar Park. He gives the following data concern- 
ing it. The first 9 feet (Walnut formation) consists 
of petrified shells, yellow clay, and flint gravel, oys- 
ter shells predominating. The other 160 feet (Glen 
Rose formation) is solid limestone to red sand to an 
abundance of water, which rose rapidly to within 6 
or 7 feet of the top of the well. A dry warm wind 
from north to southwest will lower the volume of 
water. 

The Postmaster at Walburg says: ‘‘In our im- 
mediate region are no artesian wells. There are a et 
good many wells from 200 to 450 feet; most of them have good water, 
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The limerock is from 250 to 300 feet deep. The water 
comes out of sand.” 

Mr. 8S. M. Morris, of Keliehor, says: ‘‘There are a few artesian 
wells in this locality, ranging from 260 to 2,000 feet. None of the 
water is fresh, most of it being sulphur. The deep wells flow hot or 


warm water.” 


some sulphur. 


Schedule of wells in Wiliamson County, Texas. 
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b1, soft and potable; 2, hard; 8, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, con- 
tains lime; 8, contairs soda; 9, contains alkali; 10, contains potash; 11, contains alum; 12, contains 
magnesia, 
BELL COUNTY. 


Bell County is so situated that its eastern half lies within the Black 
Prairie region and its western half within the Grand Prairie, the line 
of separation of these two districts passing approximately north and 
south through the center of Belton, the county seat, and west of 
Pendletonyille. East of this line the country is the open rolling 
Black Prairie, no point of which attains an altitude greater than 750 
feet. Even this altitude is attained in only one small area just north 
of Pendletonyille. 
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The western half of the county represents the eastern border of the 
Lampasas Cut Plain, with deeply incised valleys of the Leon River 
and its principal tributaries from the west: Cowhouse Creek, South 
Noland River, Lampasas River, and Salado Creek. These creeks, 
with the exception of the Salado, have all cut deep valleys below the 
high flat-topped divides of the Lampasas Cut Plain. The summits of 
the latter attain an altitude of over 1,200 feet in the extreme western 
portion of the county. The valley of the Leon River extends north 
and south through the county until it reaches the Black Prairie east 
ot Belton, when it turns southeast. This valley constitutes a wide 


5 MILES 


Fic. 65.—Artesian map of Bell County, Texas. 1, areas in which flowing wells can be obtained 
from the Fredericksburg reservoir; 2, areas where flowing wells are likely to be obtained; @, 
wells from the Trinity reservoir; A, flowing wells from the Fredericksburg reservoir; figures 
indicate depths of wells in feet. 


area below the general level of the country. All of the regions 
included in the valleys of the streams are so situated that flowing 
wells are obtainable in them at points below 750 and 800 feet in altitude. 

The county is divisible into two artesian districts east and west of 
the Balcones fault zone, which extends in a northeast-southwest direc- 
tion from the vicinity of Troy, between Belton and Temple, and west 
of Salado. 

Bell County is underlain by the three artesian reservoirs of the 
Fredericksburg, Glen Rose, and Trinity systems, the last of which 
alone underlies the whole county and is the most reliable source of 
artesian water. There are no data for ascertaining the dip of these 
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reservoirs east of the Balcones fault line except immediately along 
it, as at Temple and Waco. The same structural conditions probably 
continue in Bell County as in McLennan County, and if so the reser- 
voirs rapidly deepen in eastern Bell County at the rate of 150 feet or 
more per mile. 

The Paluxy and Fredericksburg artesian reservoirs are available in 
the western district at depths of from 300 to 750 feet above sea level, 
while the deeper Trinity reservoir is accessible at depths of from 300 
feet above sea level at the western edge of the county to sea level at 
Belton. 

The exceptional and but imperfectly understood reservoirs inter- 
calated in the limestone strata of the Fredericksburg and Washita 
divisions, which we have classified under the head of the Fredericksburg 
system, are apparently the source of many shallow wells situated in 
a belt extending through the center of the county from Salado north- 
ward toward Pecan Grove, Coryell County. 

The Glen Rose formation in Bell County is hardly worthy of con- 
sideration for economic purposes, the flow of water from it being 
inappreciable. It is chiefly valuable as a landmark to the driller. 
No wells are positively known to utilize the waters, although further 
study may show that some of the wells accredited to the San Antonio 
system originate in this reservoir. 

The principal and best source of supply in both districts is the 
waters of the Trinity reservoirs, which are found at depths of from 400 
to 500 feet above sea level at the extreme western edge of the western 
district to 983 feet below sea level at Troy, having an average inclina- 
tion of about 40 feet per mile. In the eastern district the depths of 
the wells are greatly increased by the downthrow of the Balcones 
fault, which amounts to about 260 feet between Belton and Temple. 

The several reservoirs of the Trinity system are not as yet well 
classified in this county. It has been assumed that the reservoir 400 feet 
below sea level at Belton is not the Basement reservoir of the Trinity 
division, but the t? reservoir, which lies 100 feet or more above it. 
Unfortunately no specimen well cores have ever been procured from 
this county whereby this point could be determined positively. Mr. 
S. H. Walton, whose wide practical experience entitles his opinion 
to great consideration, writes: ‘*The formation between the two 
Trinity flows at Gatesville [Coryell County,] just north of Bell County, 
isa red clay or something of that nature, and the lower flow of water 
is found in a red gravel. It has been the opinion that there is no 
water below the first Trinity sand [t*] struck at Belton, but from the 
work done at Gatesville it would indicate that there is another flow 
of water below the sand in which we find the water at Belton, or 


1The dip of the t2 reservoir in a distance of 16} miles from Killeen to Belton is about 640 feet, or 
at the rate of 39 feet per mile. 
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else thé two strata come together somewhere between Belton and 
Gatesville.” 

On the other hand, two reports from Belton testify to a black clay 
at the bottom of the wells which has every aspect of the Paleozoic 
rocks at the bottom of the Cretaceous system. This clay at the bot- 
tom of J. Miller’s well is so tough the drill would not cut it so it 
could be pumped out, neither would water soften or dissolve it so 
it could be removed. A small specimen from one of the wells at 
Belton would undoubtedly settle this question. 

Between Belton and Lampasas there are important structural and 
stratigraphic differences bearing upon the Trinity reservoirs. The 
rocks of the old Paleozoic floor, which outcrop at Lampasas, rise more 
rapidly here than they do to the northward, and the strata of the 
Trinity division grow correspondingly thin quite rapidly along this 
line and become more arenaceous, resulting in several minor water 
reservoirs encountered in wells in southwestern Bell and northwestern 
Burnet counties at Oakalla, Maxdale, and Burnet, which are not met 
with in wells to the east. These variations prevent a classification of 
these various Trinity reservoirs. 


DEVELOPMENT. 


Bell County possesses many excellent artesian wells, varying in 
depth from 100 to 1,800 feet. These are nearly all situated approxi- 
mately west of the Missouri, Kansas and Texas Railway in the Black 
Prairie region and in the valleys of the Leon, Salado, Lampasas, and 
Noland rivers. Returns have been received showing in all the follow- 
ing wells: : 

Schedule of wells in Bell County, Tevas. 


WELLS DERIVING THEIR WATERS FROM THE FREDERICKSBURG OR PALUXY 
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ax =yes. 
b1,softand potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, contains - 
lime; 8, contains soda; 9, contains alkali; 10, contains potash; 11, contains alum; 12, contains magnesia, 
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Schedule of wells in Bell County, Texas—Continued. 


WELLS DERIVING THEIR WATERS FROM THE FREDERICKSBURG OR PALUXY 
RESERVOIRS—Continued. 
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| Irrigation. 


VALLEY WELLS OF THE WESTERN DISTRICT DERIVING WATERS FROM THE TRINITY 
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a Schedule of wells in Bell County, Texas—Continued. 


VALLEY WELLS OF THE WESTERN DISTRICT DERIVING WATERS FROM THE TRINITY 
RESERVOIRS—Continued. 
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SHALLOW WELLS OF THE SAN ANTONIO AND GLEN ROSE SYSTEMS. 


There is a belt of country 6 or 8 miles in width running north and 
south through central Bell County in which shallow flows of water 
sufficient for domestic purposes can be had. This belt extends from 
Salado Creek as far north at least as Gatesville. 

There are about six or eight artesian wells of this character on 
Salado Creek that flow all the way from afew hundred gallons to 
100,000 gallons in twenty-four hours, and range in depth from 125 
feet to 350 feet. This water is used for domestic purposes, but is of 
a mineral character, with more sulphur in it than anything else. 

According to Mr. Walton, the water is found in a drab-looking lime- 
stone which varies in thickness from a few feet to 75 feet. In some 
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places this rock is very porous, and in others very close and hard, 
which causes some wells to flow more water than others. This lime- 
stone is undoubtedly one of the beds of the Fredericksburg division. 
Flowing water from this stratum can be had only in the valley of the 
Salado or in the valleys of some of the tributaries of that stream. It 
has very little pressure. 

James KE. Ferguson, who owns a flowing well 4 miles east of 
Salado, near Salado Creek, the total depth of which is 166 feet, first 
water about 50 feet, says: *‘ There are seven wells within a radius of 
6 miles.of this well, and the flow in each was obtained at an average 
depth of 150 feet, and all are strong sulphur wells.” 

J. C. Moore, who owns a well 412 feet deep, located 5 miles south- 
east of Salado post-office, in the southern part of the county, says: 
‘*This well is on the top of a high hill. The formation (Washita and 
Fredericksburg) is lime rock, with soft streaks and hard ones all the 
way down; the hard part is white, the soft ones a little yellow, till near 
the bottom they get to a bed of bluish color; we did not have to case 
it; was hard enough to stand without.” / 

According to the postmaster the ordinary wells of Prairiedell aver- 
age about 150 feet; at that depth they are supposed to strike a nonfail- 
ing supply of water in the Fredericksburg division. 

There are many artesian wells in the valley of the Leon, north of 
Belton, which apparently derive their waters from the same source as 
those at Salado; or, if not, from a reservoir which lies but a few feet 
below. Mr. Walton drilled one well of this character to 140 feet, 4 
miles west of Belton on the Leon, and got about 10,000 gallons in 
twenty-four hcurs. Many others have been drilled which flow from 
10,000 to 100,000. gallons. : 

J. A. Morgan, well driller, gives the following section of a flowing 
well drilled by him on the Leon River, 6 miles north of Belton. The 
total depth of this well is 170 feet; first water, 100 feet; other water, 
124 feet. 


Secrion No. 81.—SEcrion OF ARTESIAN WELL ON LEON RIVER, 6 MILES NORTH OF BELTON. 


Thickness. Depth. 


Feet. Feet. 
5.) Sand! andiclaiy: 2 .- 22:15. sat aaa eee ee eee eee 25 | 23 
4. Blue limestones. as 245 hoon oe ee eee 70 | 95 
3... White limestone: 2.55.5. ate ee ee 5) 100 
2. Sandton watermocks.02 =a seenoee eee ee eee eee eee 10 110 
1. Whitelimestone 22.2.2) oe ie ee eae 24 13 


Then change in every few feet from white lime to white sand. ‘*The 
water began flowing at 100 feet and gradually grew stronger as far as 
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I drited (170 feet).” These limestones are proba- 
bly all of the Edwards formation. 

Water from this system has also been found 
near Bland. The postmaster says: ‘*‘ Drilled wells 
in this section are from 160 to 250 feet, and almost 
all would flow if properly cased, for the water 
rises near the surface, and when cased flows out.” 


WELLS FROM THE TRINITY RESERVOIRS. 


The Trinity reservoirs underlie all portions of 

Bell County and are available at depths ranging 
from 500 feet above sea level at the extreme 
western end of the county to 1,000 feet below sea 
level along the line of the Missouri, Kansas and 
Texas Railway. East of the main Balcones fault 
line these beds dip downward very rapidly until 
they are embedded over 2,000 feet below sea level 
at the eastern edge of the county. (See Pl. LXIX.) 
In the district west of the Balcones fault line water 
is obtained from depths ranging from 285 feet 
below the surface west of Maxdale, or about 700 
feet above sea level, to a depth of about 700 feet 
below sea level at Troy. (See Pl. LVII, B.) 

The development thus far has taken place princi- 
pally along the incised valleys of the Lampasas, 
Noland, Cowhouse, and Leon rivers and in the 
upland eastern district, where deep wells have 
been drilled at Temple and near Little River. 

The chief development has been along the deep- 

cut valley of the Lampasas between Maxdale, at 

the extreme western edge of the county, and 
Youngsport. This region seems exceedingly pro- 

lific of artesian wells at depths of from 400 to 750 reer 
feet. The surface rocks along this valley are ai 
mostly of the Glen Rose formation, and hence no 
great amount of strata need be penetrated to 
reach water. ‘Thereare many wells inthe vicinity 9, 
of Maxdale from 240 to 400 feet in depth (see PL. 
LVI, 4 and #), which yield small flows—a few so 
gallons a minute. Farther eastward, down the the 
valley, there are three wells, at Youngsport, drilled —o 
to the Trinity reservoir, but owing to the eleva- 
tion the flow is small. (See Pl. LVII, Hand 7.) ™6 %— tes of well at Bet 
There are also a number of similar small-flowing 

wells between Youngsport and the junction of the Lampasas and Leon. 
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Mr. J. O. Stark, who owns a flowing well 100 yards west of Youngs- 
port, says: *‘ The drills usually pass first through limestone rock; then 
a blue gravel; then a dark-colored sandstone; then blue calcareous rock 
again, finally reaching the water in a white pack sand.” 

There seem to be two or three water-bearing horizons or reservoirs 
in the Trinity system along this belt, and many of the wells stop before 
penetrating the lowest of these. Development does not seem to have 
been so extensive along the valley of Noland River, although experi- 
ments at Killeen, Nolandsville, and Belton show the availability and 
depth of the waters. At Killeen (see Pl. LVII, (), near the western 
edge of the county, altitude 835 feet, a well 606 feet deep found plenty 
of water, which rose to within 60 feet of the surface, or to an altitude 
of 775 feet. At Nolandsville the Trinity reservoirs were struck at 
250, 450, and 700 feet. At Belton, still to the eastward, the lower two 
Trinity reservoirs were struck at 750 and 1,050 feet below the surface. 

At Belton (see fig. 66) there are eight or ten deep artesian wells, 
which obtain waters at a depth of about 1,000 feet, or 240 feet below 
sea level. According to Mr. Walton, of Belton, these wells strike two 
of the Trinity reservoirs, from which flows are obtainable. They 
strike the first, which is only a small flow, at about 500 feet, and the 
lower, which is near the Basement reservoir, at 1,000 feet. These wells 
flow from 75,000 to 1,000,000 gallons of water in twenty-four hours, 
and the temperature is about 83°. The water, like that of all the 
wells from the Trinity reservoirs, is of good quality and contains a 
small percentage of salt, soda, and sulphur. 

The geologic position of Belton is near the base of the Washita divi- 
sion. The top of the Edwards limestone is exposed in the banks of 
Noland River, which flows along the south side of the city. The fol- 
lowing section, by Dr. Wilson Davidson, of the well at the county jail 
in the city of Belton shows the general character of the strata: 


Section No. 82.—SEcTION OF WELL AT COUNTY JAIL, BELTON, BELL Country, Texas 
(ALTITUDE 519 FEET). 


(Pl. LVII, LZ.) 


| Thickness. | Depth. 


Feet. meet. 
TL. Softilimestomer moses sere cetece ea ete tote = nats ses cieiaiain eee Ste 25 25 
10) ‘Blue marlonislaten(et 6) ea eeee ese ee ae eee 300 | 325 
9: Blwedimestoue:((Gbie) seen ae ce ease set ee eee 50 375 
8: Wilaites putts orsmmrul cli (Gtr ne) ee ee een are entree rear ree 15 | 390 
Ye Wihitellimestoner(sotn\l (ob Ne) lees eat aa ae ee 50 | 440 
6. Sand rockiwithsron! py rites) (hard))\\(p?)eseee=- se — eee 10 | 450 
5, imestone (GlentRose)ssasse ee see ee ee eee 100 | 550 
A Wihiteanud (Glen Roce) pees se ee aa eee 25 | 575 
8) White limestone (GlemuR0se)) eras = eee ame eee 250 | 825 
2. Wiitesnudl a! Bone eae ee ee ee ere | 25 850 


1). ‘Sand stones (it?) aeeeer ea eee ee ae eee 40 890 
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Mr.-S. H. Walton says that the pressure of the wells at Belton 
ranges all the way from 25 to 75 pounds, depending on the elevation 
of the well. 

The valley of the Cowhouse is a favorable location for artesian wells 
similar to those found along the Noland and Lampasas rivers, but 
the writer has received no reports of wells drilled along this stream, 
although they are found higher up its valley to the westward, in 
Coryell County. 

The divides between the stream valleys are in general too high for 
procuring flowing wells from the Trinity, the limit of which seems to 
be the 800-foot contour in this portion of the State. The highest well 
in the eastern district of which a report has been received is located 
about 4 miles southwest cf Salado. Mr. W. P. Wells, toe driller, has 
kindly furnished the following log of this well: 


Section No. 83.—SEcrioN OF WELL 4 MILES SOUTHWEST OF SALADO, Brett Counrry, 


TEXAS. 
| Thickness. | Depth. 
Feet. Feet. 
4. Yellow limestone (Edwards), with some flint -........-_-- | 80 | 80 
3. Blue limestone (Walnut) in alternating layers of different 
degnessioiihardnesseaetm a asses: soos eee tiene 65 145 
2. Alternating yellow, white, and blue limestone and marl | 
(GilengROse)) Fares eee en see eae ectsee ce ace ee one 240 | 385 
[ee backsccn dm @lrinaiityn eae = emer e oo ire Sipe vice eine +10 | 395 
} 


The deepest well west of the main Balcones fault line so far reported 
isat Troy. (See Pl. LVI, J/.) Two wells have been reported from 
this town which have very large flows of water having a temperature 
of 91° F. The water in the well of Mr. S. H. Bowers contains salt, 
soda, magnesium, and iron, but is well adapted for domestic and steam- 
making purposes. (See analysis facing p. 448.) 

In that portion of Bell County lying eastward of the Balcones fault 
line and constituting the eastern artesian district there are only a few 
successful artesian wells. All of these are approximately 1,800 feet 
deep and commence in the Austin chalk or higher beds, and are located 
close to the western margin of the eastern district. 

There are two of these wells at Temple. (See Pl. LVII, 2.) 
One is in the center of the city, where the surface has an altitude of 
about 725 feet above sea level. It is estimated to flow about 100,000 
gallons a day, which an air-tight pump will double. The waters are 
used to supply a natatorium. It is excellent for domestic use. 

J. E. Moore owns a well about 1 mile west of the post-office in 
Temple and some 66 feet higher than the well in the center of the 
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city, his well having an altitude of about 791 feet. This well does not 
flow, but is capable of supplying 50,000 gallons a day. These two 
wells are situated very near the limit to which water from the artesian 
reservoirs will rise to the surface. The writer has been unable to 
obtain an exact section of these wells, but from observations in adjacent 
regions would say that the strata passed through would be about as 
follows: 


Section No. 84.—THEORETICAL SECTION OF WELL AT TEMPLE, TEXAS. 


[Pl. LVI, N.] 


Thickness. | Depth. 
Feet. | Feet. 
Austin éhali\-3.2. os. 2k kee eee ee 500 500 
Black bituminous clays of the Eagle Ford formation --------- 125 625 
Blue calcareous clays and thin limestone of the Washita divi- | 
Slom 2S Saar ee er ee ee 300 | 925 
Hard whiteslimestonel(Hdwards)i==5 see eee see eee ereeee 300 | 1, 225 
Softer blue limestone and clay in alternating degrees of hard- | 
ness. (Walnut). SS a5 eae eG ee ere ere ee ene 115 | 1, 340 
Thin sind:.4:) 4 ee ee 0 A 
Alternating white, yellow, and blue limestones and marls | 
(Glen Rose) != cos. dee tedioice oes seine eee Ce eee aoe eee 400 1, 750 
Trinity Sands Sor ee ae ee See eee ee ee 50 | 1, 800 


The Temple wells penetrate nearly 1,000 feet more strata than the 
Belton wells, including all of the formations of the Washita division 
and the Eagle Ford and Austin chalk of the Upper Cretaceous. 

The only other well reported east of the fault line is the well of Mr. 
J. J. Wallace, located 6 miles north of Holland, about 10 miles south- 
east of Belton. This is geologically situated similarly to the Temple 
wells, penetrates the same strata, and obtains water at the same depth. 

East of these two wells the water reservoirs deepen very rapidly. 
It is doubtful if the Marlin well has as yet reached the t’ and t’ res- 
eryoirs, from which Temple derives its water. Assuming that it has, 
the inclination of the reservoirs would be at the rate of at least 40 feet 
per mile. Therefore the Trinity reservoir, which is 1,000 feet below 
sea level at Temple, is over 2,500 feet below sea level at Marlin, about 
25 miles to the east. In the eastern portion of Bell County the con- 
ditions for obtaining underground waters at shallow depths are exceed- 
ingly unfavorable. Several experiments have been made at Rogers, 
where unsuccesstul wells have been drilled to a depth of 1,600 feet. 
These will probably have to be carried at least 400 feet deeper to reach 
the upper horizon of the Belton well and probably to a depth of 2,500 
feet before reaching the main Trinity reservoir. 


HILL.] ARTESIAN CONDITIONS BY COUNTIES. 531 


MLENNAN COUNTY. 
[See Pls. LX VIII, LXIX, LXX, and fig. 67.] 


McLennan County has an area of 1,055 square miles, and is one of the 
most fertile and prosperous in Texas. Its surface consists of rich 
black prairie underlain by the Cretaceous formations from the Fred- 
ericksburg division upward, which outcrop in successive subparallel 
belts to the eastward, extending in a north-south direction across the 
county. The whole eastern half lies within the area of the Black 
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Fic. 67.—Artesian map of McLennan County, Texas. Shaded portion indicates area of possible flow 

from the Burnet-Trinity reservoirs; @, flowing wells from Trinity reservoir; ©, nonflowing wells 

- from Trinity reservoir; g, flowing wells from Paluxy reservoir; (|, nonflowing wells from Paluxy 

reservoir; A,nonflowing wells from Fredericksburg reservoir; figures indicate depths of wells in 
feet. 


Prairie, while the western portion is upon the eastern border of the 
Grand Prairie. The broad and fertile alluvial valley of the Brazos 
River cuts directly across the trend of these upland prairie belts, and 
thus the county is richly endowed with the two most fertile types of 
soil in Texas. 

There are only two conspicuous relief features in this county. 
These are the Brazos Valley, the bluffs of which are seldom over 100 
feet high, and the White Rock escarpment, which extends east of north 
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and west of south through the center of the county, especially south 
of the Brazos River along the east side of the South Bosque River. 

The highest altitude is at the extreme western corner, where a small 
area attains 950 feet. No other point east of the Gulf, Colorado and 
Santa Fe Railway, except a small area just east of Moody, attains an 
altitude of over 800 feet. The summit of the White Rock scarp varies 
from 650 feet near West to 783 feet just east of Moody. Toward the 
eastern edge of the county the altitude of the divides does not exceed 
534 feet, which is reached at Axtel. The uplands of McLennan 
County may be said to lie between the extreme altitudes of 950 feet on 
the west and 534 feet on the east, giving a total regional slope of 416 
feet in a distance of about 36 miles, or about 144 feet per mile. The 
Brazos Valley, which cuts diagonally across this plain, decreases in 
altitude from 425 feet upon the west to 350 feet upon the east. In 
general it may be said that the greater part of McLennan County, 
with the exception of a smal] area in the extreme western corner and 
the heights east of Moody, lies below an altitude of 750 feet, and hence 
is hypsometrically so situated as to be within the available field of 
flowing wells from the Trinity reservoirs.' 

McLennan County is partially underlain by the Woodbine and 
Paluxy formations, and entirely by the Trinity formation. Of these 
the first is known to exist only beneath the northeastern portion, in 
the vicinity of Gerald, and is of no water value. The Paluxy waters 
are feeble and, with certain exceptions, unreliable, and hence the 
Trinity reservoirs constitute the only valuable and reliable source of 
supply. 

There are at least 3 available reservoirs in the Trinity system (t’, 
t’, t®) beneath this county. (See Pl. LVIII.) The lowest of these 
systems (t’) has probably been reached only in the deep wells in the 
city of Waco and at Farwell Heights, 3 miles to the northwest of 
Waco. 

The chief supply of the wells of the county may probably be derived 
from the water-bearing strata of the t” reservoir. Mr. Padgett’s well 
on the South Bosque, 5 miles west of Waco; Prather’s well, 6 miles 
southwest of Waco, and the wells at Eddy, Bruceville, Lorena, China 
Springs, and Crawford, in the writer’s opinion have not penetrated 
to the lowest water, as can be seen from the figures given on PI. 
LVIII. The upper or t* reservoir is of little value and need hardly be 
considered. 

As a whole, these reservoirs become more deeply embedded from 
rast to west. There are some differences about the inclination, availa- 
bility, and value of the Trinity reservoirs in McLennan County which 


1Topographic maps of the western four-fifths of McLennan County will be found on the Waco, 
Temple, Gatesyille, and Meridian atlas sheets of the United States Geological Survey. 
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C, McGregor; J), Ocee; #, China Springs; F, R. F. Barnes's well, 5 miles west of Lorena; 
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M, Farwell Heights; 


T, Padgett well, 5 miles west of Waco; J, Prather well, southwest of Waco; K, Bruce ; I, Lorena well; 


y; II, Eddy; 


it; P, Marlin, Falls County 
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must be explained. In the first place, the reservoirs have different 
degrees of inclination east and west of the Balcones fault line, which 
runs diagonally north and south through the county and divides it 
into two distinct artesian districts. This fault line zone extends from 
the vicinity of Temple northward, just west of Waco, through the 
extreme northeastern corner of the county, and results in a break in 
the regularity of inclination whereby all the strata east of that line 
are dropped 200 to 300 feet or more. Hence the reservoirs east of 
this fault zone are somewhat deeper than they would be were the 
continuity of the dip unbroken. 

The exact course of the Balcones fault line has not been mapped. 
It probably cuts the water-bearing strata just west of Waco, between 
the wells of that city which lie on its downthrown side and those 
of Prather and Padgett’s places and Hermosa, which are upon the 
upthrown side. 

The reservoirs of the Trinity and the Paluxy systems dip from west 
to east at divergent angles, and hence the distance between them con- 
stantly increases to the eastward. A calculation based upon a line 
between Clifton and Hermosa, 24 miles apart, shows that the Paluxy 
sands are 480 feet above sea level at the former place and 120 feet 
below, or 600 feet lower, at the latter, and dip at the rate of about 25 
feet per mile. The Trinity reservoir (t”) is at sea level at Clifton and 
is 800 feet below sea level at Hermosa; hence it dips at the rate of 334 
feet to the mile. Therefore these strata become separated by an 
additional 83 feet in each mile to the eastward. The average dip of 
the t® reservoir west of the Balcones fault, as estimated from all pos- 
sible data in McLennan County, is about 60 feet per mile. 

Upon Pl. LVIILI is a series of sections showing the depth and char- 
acter of the wells of the county. 


DEVELOPMENT. 


Notwithstanding the remarkable fertility of the rich uplands of this 
county, the conditions tuat favor fertility of soil were inimical to 
the existence of surface and shallow underground waters, and hence 
artesian waters have been much desired and enterprisingly sought. 
Numerous artesian wells have been drilled in the county for the pur- 
pose of supplying water to the cities, villages, and farms. These 
wells are noted for their volume of flow and for the excellent character 
of their waters for domestic purposes. 
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The total number of wells from which we have been able to receive 
reports, and their general characters, are shown in the following 


table: 
Schedule of wells in McLennan County, Texas. 
WELL OBTAINING WATER PROBABLY FROM WOODBINE RESERVOIR. 
a | 
3 | 
| | 
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RESERVOIR (t®) ONLY. 
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WELLS OBTAINING FLOWING WATER FROM THE TRINITY 


1) AND (t3). 


W.M. Simpson... 


J.B. Nichols 
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M.M. Foster 


7 miles south of 
Valley Mills; 
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of Crawford. 
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b1, Soft and potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, con- 
tains lime: 8, contains soda; 9, contains alkali; 10, contains potash; 11, contains alum; 12, contains 


magnesia. 
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Schedule of wells in McLennan County, Texas—Continued. 
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(t3)— 
Continued. 
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PROBABLE WELLS OF THE WOODBINE RESERVOIRS. 


In the northeast corner of the county, in the vicinity of Gerald, water 
will probably rise from the Woodbine formation, which has its southern 
limitations in this vicinity. This water is salty, however, and does not 


flow to the surface. 


This is shown by the well of Mr. J. R. Varner, 


situated 2 miles west of Gerald. His well was drilled to a depth of 
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296 feet, passing through 80 feet of Austin chalk and about 160 feet 
of the Eagle Ford formation into the Woodbine formation. The two 
supposedly Woodbine reservoirs were struck at 240 and 296 feet. The 
water rose to within 40 feet of the surface but was so salty as to be unfit 
foruse. Mr. W.J. Curtis, postmaster at Gerald, says there is very little 
underground water in this community and that several wells have been 
drilled from 50 to 700 feet without finding water. Gerald is near or 
at the southern limit of the Woodbine formation and this reservoir is 
of no value in McLennan County. 


WELLS FROM THE FREDERICKSBURG, PALUXY, AND GLEN ROSE RESERVOIRS. 


In the western portion of the county there are a number of wells 
upon the outcrop of the rocks of the Washita division of the same 
character as the wells of the Fredericksburg system. These obtain 
their supply from local reservoirs in the limestone of the Fredericks- 
burg division and Hage the Paluxy reservoir (p). 

According to Mr. C. L. Walsh, of Patton, who has been drilling 
wells in this portion - ae county, the white Thmesttones of the Fred- 
ericksburg and Washita divisions are usually at the surface and the 
first water which does not flow is struck in the lower portion of these 
in a calcareous material, which in some places is white and soft and in 
others dark and hard. From 100 to 200 feet below these the sulphur 
flow of the Paluxy reservoir is reached. This usually rises, but is so 
impregnated with sulphur and iron that only animals can drink it. 
From 500 to 600 feet below the surface a soft water (t*), although 
slightly sulphurous, is struck in the upper portion of the Glen Rose 
beds. 

There are a number of shallow wells in the vicinity of McGregor 
and South Bosque. The well of Mr. J. 5. Elmore, situated east of 
McGregor, is of this character. Commencing in the rocks of the 
Washita division, at the surface, it penetrates about 100 feet of shelly 
white limestone and 25 feet of soft limestone until the water reservoir 
is reached in a porous calcareous stratum 30 feet below the latter. 
The water rises 130 feet within the welland furnishes about 60 barrels 
aday. Itis hard and slightly salty. Still farther eastward the well 
of Mr. W. W. Dyerlie, 3 miles west of South Bosque, is also probably 
of this character, although it may possibly obtain its waters from the 
Paluxy horizon. His well discharges about 1,000 gallons per day. 
There are many other wells in the same neighborhood. 

According to Mr. Walton, of Belton, the well of Mr. L. Hanmah, 
one mile east of South Bosque, obtains its water from a limestone at 
the base of the Walnut formation. The water is salty and contains 
magnesium, 

The waters from the Fredericksburg division are probably from the 
northern limits of a reservoir which attains more and more importance 
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southward, especially in Bell and Travis counties. (See descriptions of 
these counties. ) 

McLennan County, as we have previously explained, is near the 
southern limit of availability of the Paluxy formation. Nevertheless, 
the flow from this source is recognizable in all the wells drilled, even 
in cases, as at Waco, where the sand formation is so attenuated that it 
is hardly recognizable. This water horizon is an important guide to 
the well-drillers, however, and in some cases wells have stopped in 
this reservoir without seeking a deeper supply. The well of Mr. R. 
S. Barnes, 5 miles west of Lorena, is apparently of this character. It 
is 760 feet deep. The well commenced ata horizon near the base of 
the Austin chalk and presents the following section: 


Section No. 85.—LoG or weir or Mr. R. S. Barnes, 5 mites west oF LORENA, 
TEXAs. 


(See Pl. LVIII, F.) 


Thickness. Depth. 
Feet. Feet. 
Gls: “NOYS) SOWIL S's edepoees ee eee ek rea eMe ee ae ae Ie ee re eee 10 | 10 
3. Blue clay, soft above, hard below (Eagle Ford)...._....... 133 | 143 
2. Hard white limestone with many fossil shells ( Fredericks- 
UR ogary cle cas lance) ieee preheater top cts a eee cy ae he ee 612 755 
eekimneswinteysamds (Palys ee eicienn eee ee cecicsek Di 760 


All of the wells which supposedly stop in the p and f reservoirs are 
incomplete in that they have not been continued to the best waters of 
the underlying systems. By going from 500 to 700 feet deeper, they 
would encounter the purer supply and more copious waters of the 
Trinity reservoirs. 


WELLS FROM THE TRINITY RESERVOIRS. 


As shown by the record elsewhere given, numerous wells have been 
drilled to the Trinity reservoirs in McLennan County. These have 
been found nearly everywhere west of the Missouri, Kansas and Texas 
Railroad. They are principally used as sources of village and city 
supply, although several enterprising farmers have drilled them. The 
chief source of supply in all these wells is the lower Trinity reservoirs 
(t' and t”), principally the latter, which is situated only from 150 to 200 
feet above the Basement sands or t'. It has generally been the case 
that upon striking the t’ reservoir the water has flowed so copiously 
that it was impossible to push the drill farther. The wells deriving 
their water from the t’ and t' are among the most notable in the 
United States for their excellent flow and the superior quality of the 
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yvaters for domestic and general uses. The principal wells drilled to 
these reservoirs are those at Crawford, Farr, McGregor, Ocee, Moody, 
China Springs, Eddy, the Prather farm west of Waco, Fishing Lake 
west of Waco, Bruceville, Lorena, Hermosa, Waco, and West. These 
are all in a belt of country about 24 miles wide, extending from the 
longitude of Clifton, Bosque County, which is just north of the west- 
ern corner of McLennan County, where the t’ reservoir is struck about 
sea level, to west of Waco, where the t’ reservoir is struck at 850 feet 
below sea level, and to Waco, where the reservoir drops down nearly 
300 feet lower. (See Pl. LVIII.) 

The wells of this system in this county may be divided into two 
well-marked artesian districts east and west of the Balcones fault line. 
In the former district the reservoirs incline with the slight and uniform 
dip characteristic of the Grand Prairie country. East of the fault line 
the rate of dip rapidly increases, so that the reservoirs are soon carried 
to depths beyond reasonable availability. 


WELLS OF THE WESTERN DISTRICT. 
{See Pl. LVIII, B.] 


In the vicinity of Crawford wells have been struck at a depth of 
1,000 feet from the surface. Captain Higginson has a superb well 
of this character 1,100 feet deep upon his place, 1 mile east of Ocee 
post-office. The town of McGregor (see Pl. LVII, C) has two wells 
1,030 feet deep, which furnish 200,000 gallons of soft freestone water 
aday. It is interesting to note that the water in these wells, which 
formerly flowed, now stands within 10 feet of the top. There are two 
of these wells in the village of China Springs (see Pl. LVIII, /’), one 
of which, according to Mr. Talbott, the proprietor, discharges 56,000 
gallons of potable water a day. There are two deep wells in the 
town of Moody (see Pl. LVIII, @), which is situated at an altitude of 
775 feet, near the extreme altitude at which wells will flow. The well 
of M. L. Carmody is 1,508 feet deep and furnishes 100,000 gallons of 
pure soft water a day. One of the two wells in this village flowed 
until the other was drilled, and now the water stands in both of them 
within 15 feet of the surface. These wells begin at the top of the 
Lower Cretaceous. Their bottom is situated in a red clay, which, 
supposedly, overlies the t' reservoir. 

A group of these wells at Eddy, Lorena, Bruceville, Prather’s farm, 
and Fishing Lake west of Waco, present very similar characters and 
obtain water at depths varying from 1,450 to 1,600 feet and give copi- 
ous flows. The well of Mr. John Sleeper, at Hermosa, on Farwell 
Heights (see Pl. LVIII, J7), an addition to Waco, about 4 miles west 
of the city, is 1,730 feet deep and furnishes nearly 200,000 gallons of 
water, supplying 100 houses for all domestic purposes. The Balcones 
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fault line is supposed to pass just east of this line of wells and the 
depth of water-bearing reservoirs increases some 200 feet. This is 
suggested by the fact that the Prather well, situated 5 miles west of 
Waco at an altitude of 665 feet, has to go only 1,600 feet for water to 
the t’ reservoir, while in the city of Waco wells some 240 feet lower at 
the surface are obliged to go 1,782 feet. 


WELLS OF THE EASTERN DISTRICT. 


Successful wells have been drilled at Waco immediately east of the 
fault line, but they are obliged to go some 300 feet lower than the 
wells to the west. Many wells have been struck in the city of Waco 
east of this fault line. We have a record of some 21 wells in Waco 
which will be discussed later. 

In the portion of the county east of a line drawn through West and 
Waco, no deep experiments have been made and no good flowing water 
is available at a less depth than 1,800 feet. At Marlin, Falls County, 
23 miles east of this line, it was necessary to drill over 3,300 feet to 
obtain flowing water. 

The only data for estimating the dip of the strata in that portion of 
McLennan County lying east of the fault line are the deep wells of 
Hubbard City, Hill County (see Pl. LIX, 9), and Marlin, Falls County 
(see Pl. LVIII, P). The Paluxy water was struck in the former at a 
depth of 1,687 feet below sea level, and in the latter at a depth of 
2,000 feet below sea level. By computation the inclination of these 
strata eastward estimated from Waco and Hillsboro is 95 feet per 
mile. This dip is so excessive that the Trinity waters, which are 1,400 
feet below sea level at Waco, will be over 3,000 feet below sea level 
at any point 15 miles east of that city and hence practically beyond 
availability. 


THE WACO WELLS. 


Notwithstanding the rapid dip of the artesian reservoirs east of the 
fault line, there is a narrow zone of availability just to the east of it, 
at Waco, Austin, and elsewhere, which seems to be especially prolific 
of excellent artesian supply. Owing to the large number of these 
wells in Waco, and the excellence, copiousness, and temperature of the 
waters, Waco has been known in Texas as the ‘‘Geyser City.” The 
average depth of the wells within the city limits is 1,842 feet. The 
following notes, kindly furnished by the secretary of the board of 
trade in 1891, will show the general character of these wells: 


As regards the artesian wells in and around Waco, I will say that there are now 
eleven overflowing and two approaching completion. 

Seven of the flowing wells and one nearing completion, now about 1,700 feet deep, 
are owned by the Bell Water Company. One of the flowing wells and one nearing 
completion, now about 1,000 feet deep, are owned by the Waco Light and Power 
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Company. The three remaining flowing wells belong one each, respectively, to 
the estate of W. R. Kellum, deceased, William L. Prather, and Tom Padgett. 

The altitude of the public square of Waco is 421 feet above sea level. The altitude, 
diameter, depth, estimated flow, temperature, and initial pressure per square foot of 
the several wells were as follows: 


Name of well. | Altitude. | Diameter., Depth. Eeeber | Temper | ores 
| Feet. | Inches. Feet. Gallons. | COR Pounds. 
The Moore welll..-......-- | 493 6 | 1, 840 600, 000 | 108 | a 60 
The Bell wellb .........-- 500. 6] 1,820 500, 000 1023 a60 
Jumbo well No.16.-..---- | 500 | 8 | 1, 848.) 1, 200, 000 108 c 60 
Jumbo well No.2b..------ | 500 8 | 1,860 | 1,000, 000 103 | 60 
MherGlenwood@ese-s-- 2. 495 8 | 1,860 | 1, 000, 000 103 a 65 _ 
The Dickey well ......--.-. 532 8 | 1,840 | 1,000, 000 1038 a60 
Mhe Bagby well2-----.---- 475 | 8 | 1,845 1, 000, 000 103 | a 60 
The Waco Light and Water | 
Power Co. well ....--.--- 532 6 | 1,812] 300,000 100) | 72 20 
The Prather well........-- | 655 6 1,607 | 500,000 97| 40 
ThevKellum) wells 2222252" 420 | 6 | 1,776 | 1,000, 000 103 c76 
The Padgett well (Fishing | 
CO) in|) Pe ee ee ean | 485 6 | 1,866 | 1,000,000 | 90 c72 
The W. V. Fort well ..--- 425 feereeee | Ne tsPisy |) West} O00) |e ae [seeeeeee 
| \ | 
a Estimated. b These three, the Bell, Tue No.1 and Novorene 50 feet Rasim c Tested. 


The foregoing statements of flow per diem (twenty-four hours) are estimates. An 
attempt was made to measure the flow of Jumbo No. 1, but it was unsuccessful. An 
expert, a member of the United States Artesian Survey Corps, who made the attempt 
and failed, estimated the flow at 1,000 gallons per minute. If this statement is 
correct the output per diem would be 1,440,000 gallons. 

I have assumed the output of this well to be 1,200,000; with this as a basis the 
output of the other wells has been estimated. The pressure of the Jumbo, Prather, 
and Padgett wells has been tested. The temperature of all has been ascertained by 
the thermometer. 

A correspondent from Waco writes: ‘‘So far as the history of our 
wells is concerned, except in the case of the well bored by Mr. Fish- 
back and one recently drilled for Mr. Fort, of which no record was 
kept, all the wells around Waco have been bored by a man who has . 
kept no record of his borings, supposedly for the reason that such 
records would be of value to his professional rivals.” 

The log of the Padgett well in the city of Waco was furnished the 
writer through the kindness of Messrs. Fishback and Pope.' (See 


1The original log of this well, as published in the report entitled “Artesian Waters of Texas’? by 
the Department of Agriculture, Washington, D. C., page 109, was badly mutilated and the original 
manuscript was lost. For this the writer was not responsible. The log as given on p. 541 was based 
upon the corrections of the log as originally published. Recently, through the kindness of Mr. John 
K. Prather, of Waco, Texas, another copy of Mr, Fishback’s original log was furnished and the log 
as here published has been verified by it. 
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fig. 68.) It should be stated that the character of the strata passed 
through is not always attested by the churned-up material brought up 
from the well, and as the writer has not seen the 
specimens and has no accurate knowledge of the - “> 
thickness of the formations, the geologic horizons — ‘° 
are uncertain.? 

The total depth of this well is given at 1,866 feet. 
The log furnished gives a record of only 1,828 feet. 
The original volume of flow was estimated at 1,000,- 
000 gallons per day, the pressure 72 pounds, and 
the temperature 103°. 


“600 
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Section No. 86.—LoG or PapGerr weit, Waco, McLennan 
County, TExas. 


(See fig. 68.) 


esas oo 
Thickness. Depth. — = AG 
| 
* =S= = 
—— a) 
: ; : Feet, Feet. SS == 
21. Dark soil, changing to light calca- = 
TOOUSMOATINE eis eae es 18 18 rr 
20. Soft white limestone (Austin) ----- 110 128 
19. Blue ‘“‘joint clays’”’ (Eagle Ford) - -| 162 290 
18. Light-brown carbonaceous shales | 
(@Biaglenbord)\ Pe ses= see ee ees 40 330 
17. Brown calcareous marl (Edwards 
EG! MASON) a Soéeadosecnoeas 15 345 
16. Blue ‘‘joint clays’’ (Edwards and | 
Wis lita) Peeeee ers se ee See we zit | 466 
15. Brown carbonaceous shales, lig- | | 
nitic in character (Edwards and | 
WETTIG) OL oso ee | 60 526 
14. Brown calcareous marl (Edwards | 
anivol \WVEISIONE)) = oooeecuesesaedae 38 564 
13. Blue ‘‘joint clays’’ (Kdwards and 
Weg cui). . S5ees aoe eens 411 975 
12. Brown carbonaceous shales, lig- 
nitic in character (Edwards and 
\WEGUG)) S556 occ Sane e ee eeaee 45 1, 020 
11. Cream-colored calcareous marl a 
@Wialliuit) Baas cs sce oss 156 1,176 Fra. 68.—Log of wells at 
he: . 0 : Waco, Texas, show- 
10. White limestones, occasionally in- ing approximate 
terstratified with thin seams of NOOR Ot ORHADE 
blue shale or beds of light- tions. (For explana- 
colored caleareous marl (Glen | it tion of symbols see 
INGSE od. seodsconbeneameseoreene 504 1, 730 Pl. XVI, p. 110.) 


1It is to be regretted that no minute geologic survey of McLennan County has been made, as 
it is one of the most important areas in the State. The writer has had opportunity to make a few 
brief reconnaissances, sufficient to determine the sequence of the formations, but more accurate 
details are needed concerning the exact thickness of these formations and their areal distribution, 
and the course of the Balcones fault line across the county. 
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Section No. 86.—LoG or PADGETT WELL, Waco, McLENNAN County, TExas—Cont’d. 


| Thickness. | Depth. 


Feet. Feet. 
9. Blue caleareous, arenaceous shales. These shales were of 
somewhat plastic nature, contained some lime, with also 
considerable proportion of very fine, light-blue sand. 
This stratum would seem to mark the bottom of the cal- 
careousiGlen Rose stratae ese eee 30 1, 760 
8. Soft, very fine-grained, gray sandstone (Trinity) ---------. 15 1,775 
7, Red plasticishale (irinity,) bee. ae eee === ea ee eee 7 1, 782 
6. Soft, very fine-grained, light-gray sandstone (Trinity) .----- jaz 1, 799 
5: “Blue shale) (Trinity, 2-32 oe eee a 1, 804 
4. Soft, very fine-grained, light-colored sandstone (Trinity) - - - ia= 1, 823 
3. Blue plasticishale! ((ininity) 22 e-= epee eee eee eee eee eee 0) = 1, 833 
2. Soft, very fine-grained, white sandstone (Trinity) -------- 28 1, 861 
1. Blue plastic shale (Trinity). The thickness of this stratum | 
unknown; probably j.c--=-cc-= see oC eee eee eee | bea 1, 866 


It is impossible to give an exact interpretation of the formations 
passed through from Mr. Fishback’s excellent record. Much of what 
he terms shale and mar! is the pulverized mud of limestones. From 
all our knowledge of the formations in the vicinity of Waco, based 
upon the studies of Messrs. J. A. Taff, J. S. Stone, and the writer, it 
is known that a section can be constructed which will give an approxi- 
mate idea of the formation beneath that city. While this section is 
not final and will undoubtedly be corrected in detail when the inter- 
esting local geology of Waco receives the attention it deserves, the 
writer feels confident that the limit of error will be found to be very 
small. 
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The section as illustrated in fig. 68, is as follows: 


Section No. 87.—SEcTION OF THE FORMATIONS PENETRATED BY THE DEEP WELLS AT 
Waco, McLennan County, TEXAs. 


| Thickness. Depth. 
eas | : 
Feet. Feet, 
preg : 4 
SULACCHSO ll Penns ore eae aes ee) aE eee | 20 20 
: | 

ENT ERUIO, GOEMIS Sa 6 os See ae Pe ne ee mn 110 130 
22 a ond A | 
Eagle Ford shales, accompanied by thin, siliceous, laminated | 

LLCO Spee ene te eee Sistecar yn eh yee a ctnye veers acco ewe 200 330 
Buchan es tom Chrwe mi serer ee me eet ein ane ye eee an ce ee 5 335 
Welakioxclaysmoreenishwinncol oss eee cease ae. = eee 100 435 
Georgetown formation, limestones and blue marls in alter- | 

MUNN). seceeeca seer Cea sSe es Ose ae tee OoeGeeed Boome 422 857 
erat as onmationsyOltels tall Cee aap eee ee ee 10 867 
oiwyand Swhinmeston eyes sees ne ee ee cect ane AM 150 1,017 
RhemVvalnuttormation manly shales\222s2--5-52-2--5-2----- = 150 | 1, 167 
The Glen Rose formation, limestones of various degrees of 

HardMesssvwilthdoccaslional: man] sees ys eee en eee sean see 554 i, Al 
The Basement beds of the Trinity division, as detailed in | 

INOS letors oO Vie hishbacksisection=. os so5 42552. see eee ee 145 1, 866 


The shale at the bottom of the Padgett well was drilled into to a 
depth of 5 feet, but the flow and pressure of water was so great that 
the sand pump would not descend through the lower flow of water, 
and, consequently, the sediment could not be removed from the bottom 
of the well below the horizon where the heavy flow of water came in, 
and drilling had to be suspended. Further drilling could be prose- 
cuted only by shutting out the flow of water, extending a string of 
casing to the bottom of the well, and reducing the size of the well 
below that point. 

The blue shale, in which the drilling was suspended, contains frag- 
ments of serpula, oysters, and echinoid spines, showing that the well 
had not reached the bottom of the Trinity division, but was probably 
still in the beds of the Glen Rose formation, which outcrop west of 
Glen Rose. 

The various water reservoirs encountered in this well were as follows: 

11. Immediately under the last carbonaceous shale stratum, at a depth 
of about 1,180 feet, and in the upper portion of this marl stratum con- 
siderable water came in. The water was highly charged with impuri- 
ties of lime, sulphur, iron, and probably Epsom salts. This water was 
not analyzed. The exact horizon of this water is uncertain. It may 
represent either the northern limit of the Fredericksburg or the 
Paluxy reservoirs. 

10. From about 1,250 feet to 1,500 feet water came at different 
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horizons of the Glen Rose limestone, making an artesian flow of consid- 
erable volume. These flows constitute the t® reservoirs. Below 1,500 
feet apparently no more water came in until the first sand (No. 6) was 
reached, at 1,782 feet. 

8. Thissand, at 1,775 feet, was seemingly dry, producing no apparent 
increase in the volume of upper water. 

6. This sand, at 1,782 feet, responded with water as soon as reached, 
and gave the first strong artesian flow proper from the well. 

4. This sand, at 1,787 feet, largely increased the flow of water. 

2. Inthis sand, at 1,795 feet, the largest volume of water was obtained, 
slightly increasing the pressure and temperature and nearly doubling 
the flow from the well. 

The sand beds Nos. 6, 4, 2, extending through 60 feet, apparently 
constitute the Trinity reservoirs. 

Mr. Fishback sends the following data: 


Pressure of wells eae = cosas eo eee oe see eee eee eee pounds. - 72 
Temperatures a5 jacob boasted Gate eee eee eee ee eee one 1033 
Volume peridiem*(approximately)/222s5 sos] - ere eaeeeeeeeee gallons_- 1, 000, 000 
Total depth: of wella-t.2- sa... - a ee ee ee feet. - “1,470 


Remarks.—While no opinions on matters of this nature can ever be accepted as 
absolutely correct until verified by the drill, yet from the grain texture, quality, 
and appearance of the sands Iam decidedly of the opinion that the bottom of the 
sandstone column has not yet been reached in the Waco wells, and that there is 
strong probability that other and coarser sands may be found still deeper. If found, 
they would give yet an increased volume of water, with also slight additional pres- 
sure and temperature. 


H. C. Williams, of Lorena, says: ‘‘At Lorena we have a fine arte- 
sian well[see Pl. LVIII, Z], that flows freely and has same pressure as 
those at Waco. At about 800 feet we found a good artesian flow of 
sulphur water, with a considerable quantity of oil. Other deep wells 
in this part of the county have developed considerable quantities of oil. 
The Lorena well is about 1,800 feet deep, and the water is like that at 
Waco.” 

There is but one well east of the line of strike of Waco. This is at 
West (see Pl. LVIII, Y). The mayor of West states that the town 
well was drilled through a loose, caving shell rock, with plenty of 
water, to a depth of 1,040 feet, when a 2-inch flow was obtained; the 
next 600 feet was through a very hard gray limestone; the next 50 feet 
was through honeycombed sand rock, in which the large flow was 
struck. At the bottom of this limestone a very stiff, sticky blue mud 
was encountered. The natural pressure was 32 pounds when first 
tested, and registers 66 pounds to the square inch. The water is 
excellent for domestic use, and its use has greatly improved the health 
of the town. The total depth of the well is 1,690 feet, and it fur- 
nishes 300,000 gallons day and night. 
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In the writer’s opinion this well does not extend far below the t* 
reservoir, not being so deep as the Waco wells. 

Small quantities of oil are struck in the bituminous shales and lime- 
stones of many of the wells in McLennan County. At depths of from 
500 to 1,000 feet in the Waco wells a small flow of oil is encountered 
in the Eagle Ford formation and in the beds of the Washita and Fred- 
ericksburg divisions. This is cased off and not allowed to flow, as it is 
not found in paying quantities. This oil was especially noticeable in 
Nos. 12, 15, and 18 of the Waco well section. The same oil was struck 
at Bruceville at depths of from 600 to 700 feet, in the rocks of the 
Fredericksburg and Washita divisions; also at Crawford at 400 feet, 
in the Walnut clays. These oils occur in all the deeply embedded 
marls and clays of the Texas Cretaceous, but have thus far been 
encountered in paying quantities only in the Taylor marls of Navarro 
County. 

No systematic study of the pressure of the wells of McLennan 
County has been made. The mayor of West states that the pressure 
of the wells at that place is 66 pounds to the square inch. The 
original pressures at Waco, so far as measured, are given elsewhere. 

It is interesting to note that the flow and pressure of wells in 
this county, as elsewhere, are always decreased by the drilling of other 
wells near by. At Moody, for instance, where the surface is very 
near the limit of possible flow, the first well drilled overflowed, but 
a second well immediately stopped the flow of the first, in which the 
water now stands within 15 feet of the surface. At McGregor the wells 
gradually cease to flow as they increase in number. At Waco, where 
the pressure is greatest, owing to the low altitude of that city, over 
twenty wells were drilled without affecting the flow of the others, but 
the enormous drain upon the reservoir is beginning to be felt, and the 
writer has heard that the great flow of these wells has been greatly 
diminished or decreased. 


Counties North of the Brazos. 


The chief artesian counties north of the Brazos may be divided into 
two subgroups, the group on the west being composed of Cooke, Tar- 
rant, Denton, and Johnson counties, and that on the east of Dallas, Ellis, 
and Hill counties. 

The first group of counties, Cooke, Denton, Tarrant, and Johnson, 
lies along a geographic belt characterized by the occurrence of the 
Eastern Cross Timbers in its eastern portion and the Grand Prairie 
on the west. In these counties the geologic section is distinguished 
by a decreasing thickness of the Edwards limestone and a propor- 
tional increase in the development of the formations of the Washita 
division. Furthermore, the Paluxy reservoirs are an analogous for- 
mation at the top of the Antlers group, constituting the first available 
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source of artesian supply and, as is too often the case, the only one 
penetrated. 

The second group of counties mentioned lies entirely within the 
Black Prairie region, and the most available reservoir, and that which 
is nearest the surface, occurs in the Woodbine formations. 


HILL COUNTY. 


Hill County, with an area of 986 square miles, is one of the most 
fertile in Texas, and is well underlain by artesian reservoirs. 

The county may be divided into north and south strips, including a 
portion of the main Black Prairie, the Austin chalk, the Eagle Ford 


Fic. 69.—Artesian map of Hill County, Texas. Shaded portion indicates area where flowing wells 
from the Basement sands are theoretically possible; @, flowing wells from Trinity reservoir; ©, 
nonflowing wells from Trinity reservoir; @, flowing wells from Paluxy reservoir; ¥, flowing wells 
from Woodbine reservoir; yy, nonflowing wells from Woodbine reservoir; figures indicate depths 
of wells in feet. 


Prairie, Eastern Cross Timbers, and the Grand Prairie belts of coun- 
try. The belt of the Eastern Cross Timbers runs nearly due north 
and south through the geographic center of the county. 

The relief of the county includes a maximum range of altitude of 
500 feet; the highest altitude is 900 feet and the lowest 400 feet. 
The only portions of the county that are at a height of more than 800 
feet, above which flowing wells are impossible, are three north-south 
tongue-like strips in the northern part. The most western of these is 
the divide between Aquilla Creek and Brazos River, running from 
Crossroads northward to the northern county line. The middle belt of 
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high altitude is the divide between the heads of Hackberry and 
Aquilla creeks, in the vicinity of Covington. The third and longest 
belt, constituting the summit of the White Rock escarpment, extends 
from east of Hillsboro northward east of Itasca and Files Valley. 
From these high summits east of the latter ridge the country slopes 
gradually eastward, but a greater portion of the county, including all 
of the southwestern half, is within the drainage slope of the Brazos 
River. The latter stream flows in a deep groove from northwest to 
southeast and forms the western border of the county This valley of 
the Brazos has an altitude of 525 feet at the northwest corner and 
about 400 feet at the southeast corner. 

From these altitudes, which can be more readily understood by con- 
sulting the Waco and Cleburne atlas sheets of this Survey, which 
embrace all of Hill County except the southeastern corner, it will be 
seen that by far the greater area of the county is favorably situated 
topographically for obtaining flows of water. 

In its entirety, Hill County is underlain by the Paluxy and Trinity 
reservoirs (see Pl. LIX), and in its eastern half by the Woodbine 
reservoir, all of which are utilized as sources of artesian water. The 
flowing artesian wells vary from 500 feet in depth at the extreme 
western edge of the county to over 3,000 feet at the extreme east. 

The Trinity reservoir underlies the entire county. The Basement 
reservoir may be found at depths varying from sea level at the extreme 
western edge to 3,500 feet below sea level at the extreme eastern edge.' 

There are at least three available reservoirs in the Trinity system in 
this county, the lowest of which, as usual, constitutes the source of 
the purest and best waters, and has the highest pressure. In all of the 
wells a higher Trinity reservoir, t’, is encountered. In the extreme 
western corner of Hill County, just south of Greenway, Johnson 
County, these reservoirs are about 100 feet apart. In the Brazos 
bottom just north of Fowler they are 135 feet apart; at Hillsboro they 
are 262 feet apart, showing a gradual divergence eastward. 

The Paluxy reservoir is also available throughout all that portion of 
the county east of the Gulf, Colorado and Santa Fe Railway, but will 
not furnish flowing water of a satisfactory character. 

The Woodbine formation, which outcrops in this county in the area 
of the Eastern Cross Timbers, furnishes good pumping wells through- 
out most of the county east of the Missouri, Kansas and Texas Railway, 
but does not furnish flowing wells except in the deep valleys of Island 
Creek and the area east of the White Rock Plateau. 


DEVELOPMENT. 


A number of artesian wells have been drilled in this county, which 
are so distributed as to enable a fair interpretation of the artesian 


1See discussion of the deep well at Hubbard on pp. 556-558. 
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conditions to be given. 


BLACK AND GRAND PRAIRIES, 


TEXAS. 


The flowing wells vary in depth from 618 feet 


at the extreme western edge of the county to over 3,050 at the extreme 


east. 


The following list of wells has been received: 


Schedule of wells in Hill County, Texas. 


WELLS FROM THE WOODBINE RESERVOIR. 


| 2 s His 
-~ q ~ ic} A 
: Rah. y = > bond 3 
: 2 lox] 8 [Elsa ult 
Owner, Location, & Ses g gis Es aS 
us) be) = eS) um esas 
Be i (comission 
2) 3 8 |e lel) 2 le late 
2] 48 |A OS | RSW We WS |S 
_ ra z | 
Feet. | Feet.) Feet. 
J.H. Farrow (reports) .| Itasea, 8 miles northwest |...-. TOU 5s See x 1415 DAs 
from. 
M. H. Mathews ....---. Itasca, } mile south of post- ...-. ALGO) tom) aeaeeer |e = x: iT 5 
office at. 
J.H. Farrow (reports) -! Itasca, 3 miles east of ......)..... 389 | 165 TS eceal|l. 2s “Galle le 
| 
J. M. Lovelace .....-.-- Lovelace, } mile north of..)..... 1500/1801] eee sodliee tl) Oe ie 
J.M. Kennedy....----- Menlow,1 mile from.......)..... 725 | SSG neem aoe) |. Seillheo Geel acer jig pele | 
CA, Stamphill <-..--.. Menlow,1 mile east of..... ....- 280m 20i Seer Ken GO N= 335-2 
R.H. Dearing (reports) | Hillsboro, 1 mile east of.... ..... BPA AN POE one cecleoae x 85 |. | Blello<< 
Sides & Hartson (re- | On mountain in Hill |..... A430 042,119 | see FW hee. « 3 Lies 
ports). County, east of Files. | 
J.D. Tinsley ........-.. Abbott, 11 miles north of ..| 710 | 446 | 395 |.......|-.-- x>| 160 |... { i \x 
| | 
Se eee soe encase teers Abbott... ~ 225.222 8055 boen'-|| 710) ||), 4860890135 eons ean), OOO eal) honors 
J.H. Farrow (reports) .| Files Valley post-office, 10 |..... 200)||Pt5O! Ese e eee loser x: 13 Me 
miles south of. | | 
Sides & Hartson (re- | Itasca, 8milesnortheastof; |. ...- S26a) S20 hi seeeere le Ma ene x 1 | 
ports). Files, 2milesnorthwestof. | 
: | | 
WELLS FROM THE PALUXY RESERVOIR. 
eS ee ee ee ee ee es ee aa a! < Ses pare 
Guy Simpson ......---- Whitney, 14 miles south of.)..... eS Exes es eccoe|occlosnc MS eseellsoce x 
Celik sip peerecese sacs Blum, 43 miles east of......|...-- B82 So ae Lapeer 5 | qo|| 3 | 1 |- 
DrAanesee see ae AGING se ooo naesasnonesece | 500 1,000) 658 j-------|----|----|-----|----|---. ee 
= —— | —— —~ — — = | = 
WELLS FROM THE TRINITY RESERVOIR. 
Dssi Mayes eee Whitney Sto se es 586 |1,000 | +640 | LINE w | t? x { 1 ee 
Gityaw.clle eee eee eee Titascar se iasose eee 711 {1,680 {1,200 |.-..--- IReal ey ea Wee | al | ooe 
‘ fHillsboro, 600 feet from |\por |, np: an fle ZOOM In at 
GoW. Brown senses 1 post-office. Wied he 762 | 800 | 1,500 | ale Kall see cices 
| \f-400 |r h 
ee eae eye Sos Hubbard City .............| 638 |3,166 [1,350 [21/465 | ---Hes Wes Eee ee oe 
| 9,305 |J  |\t? J 
| Z 
ax<e—nyies: 


b1,soft and potable; 2, hard; 3,salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, con- 
tains lime; 8, contains soda; 9, contains alkali; 10,contains potash; 11,contains alum; 12, contains 


magnesia. 
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WELLS FROM THE WOODBINE RESERVOIRS. 


100 


150 


| 
| 


Fic. 70.—Group of artesian wells penetrating the Woodbine reservoirs in Hill County. (For explana- 
tion of symbols see Pl. XVI, p. 110.) A, well at Hillsboro; B, well at Abbott; C, well 2 miles 
northwest of Files; D, well on White Rock scarp, east of Files. 


In that portion of Hill County east of thé’ Eastern Gross Timbers 
there are many good wells obtaining waters from the Dexter sands 
or x° reservoir, although they flow in only one or two instances. 
These wells, owing to the slight depths to which they have to be drilled 
and the scarcity of surface waters and shallow wells in this region, are 
of great value. In all of the wells, as shown in fig. 70, there are 
two or more reservoirs in the sands, and the best and strongest flow 
comes from the lowest of these. 

In the well of R. H. Dearing, Hillsboro (see fig. 70, A),the depth to 
first reservoir (x*) was 250 feet; to other reservoir (x) 80, and the 
total depth of the well 329 feet. The well does not flow, the water 
standing within 85 feet of the surface. The well furnishes 15,000 
gallons daily and can be lowered only about 100 feet. The water is 
very soft and pleasant to the taste and is used for irrigating gardens 
and fruit and shade trees. 


550 BLACK AND GRAND PRAIRIES, TEXAS. 
A section of this well is as follows: 


Section No. 88.—SrEcTION OF WELL OF R. H. DEARtNG, H1LisBoro, TExAs. 


(See fig. 70, A.) 


Thickness. Depth. 
Feet. Feet. 
8) Soilkandijomibiclay@Harle ord) 2eeeee sss —= == eee 35 35 
@uShalex(Hagle Hordes) osc 222...028 cee ee ee eee 80 115 
GypSlater((Haslestordy meseeeres= =e ee ee ee 100 215 
5 iClaya @Wiood loinc) Sea. eyes = se eee ee 10 225 
AS Sandrandushaley@QVioodibite) =: esse === eee 20 245 
3. Same (firsthwater) hs) esa es =) eee eee ee ee 10 255 
2. Dark-blue or black marl, mixed with fine gravel _____.___- 59 314 
ls Watenisand se seaes 252-62. Sn. ieee cee eee 15 329 


In a well reported by Mr. A. F. Wilson, well driller, in the town of 
Abbott (see fig. 70, 4), the depth of the first reservoir was 390 feet; sec- 
ond reservoir, 486 feet; total depth, 486 feet. The well does not flow, 
but the water rises about 300 feet, the quantity obtained being about 
30 or 40 barrels per day. The water can be easily lowered. The 
section as given by the well driller is as follows: 


Secrion No. 89.—Srcrion oF WELL In ABBorr, Hit County, FURNISHED By A. F. 
WILSON, WELL DRILLER. 


(Pl. LIX, B.) 


Thickness, Depth. 

y Feet. Feet. 
7. White limien (Avastin) See <2 oe ee es oe ree | 90 90 
6. Shalei(Hagles ord!) se s-2 ae. ee eee ee ae ee eee 175 265 
5. Slate (Hagle Hord))/<42 225222. 22 22- Se Ae aoe eee eee 100 | 365 
4S Soapstone! (Hagilephiond))jesers er sn esses eaters eer eee era 15 380 
3. Water sand mixed with shale (Woodbine).....-.----.----- 10 390 
2) Bluemilanl? Woodbine) eetesse sass a aera ee | 88 | 478 
1. Water sand, but very fine and close (Woodbine) -..------- 8 486 


Tn the well of J. D. Tinsley, 13 miles north of Abbot post-office, the 
first reservoir was 395 feet; other reservoirs and total depth, 446 feet. 
The well does not flow, the water rising to within 160 feet of the sur- 
face. The quantity of water obtained is about 1,000 barrels per day. 
The water can not be easily lowered, and is a little salty. It is used 
for irrigation. 

The flowing well 2 miles northwest of Files post-office and 8 miles 
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northeast of Itasca, reported by Messrs. Sides and Hartson, well drill- 
ers, was drilled on very low ground, as wells on the upland will not 
flow under 1,800 feet. This is a flowing well, furnishing 324 gallons 
an hour, but the quantity has decreased because the well was not 
properly cased. The water is fine and soft, and is used for family 
and stock. The depth of first reservoir was 80 feet; second reser- 
voir, 140 feet; third reservoir, 206 feet; total depth, 226 feet. The 
cap rock is on top of water-bearing sand, which was 12 feet thick; 
from first to second reservoirs was through slate to a depth of 56 feet 
to second bed of sand, which was 15 feet thick; from second to third 
reservoirs was also through slate to third bed of sand, where a 1-inch 
flow was obtained; the third bed of sand was about 20 feet thick. 
The water from the first reservoir came within 12 feet of the top, 
that from the second reservoir within 2 feet of the top, and that from 
the third reservoir flowed 8 feet above the top of the well. A section 
of this well (see fig. 70, C’) is as follows: 

Section No. 90.—SEcTION OF WELL 2 MILES NORTHWEST FROM FILES AND 8 MILES 


NORTHEAST FROM ITrasca, Hii County. Reporrep By Stipes AND Hartson, WELL 
DRILLERS. 


(Fig. 69, C.) 

| Thickness. Depth. 

Feet. Feet. 
CRP elackaclinter ss st ysen Ne Ue yt i eee! lS 8 | 8 
SUOMI AVA em ae mice tae a SS coche eae eae ees Seetnnad 37 | 45 
Te SOG sce erie ce eee eae ee es | 35 | 80 
@, Cbyo ROG. .  Ateaade aoe eee eee IEE eee scene ae eee 2 | 82 
MM SATCU QUAIL CT pee ae cic oe oc AR ly ue a Oe aie 2 en 12 94 
Gb ISUORIN? GEN. Sooo ace ae O See eee ele eo eA eee 56 | 150 
aD) OXAECT ESAT MPEG a 852 Recta Share le a eRe he a ce A oy | 15 | 165 
Os (OMG 245 Shas SANs a ee ter PES far de 40 | 205 
Tle, SGC L Se a oe ea ee es eee ee yay = 20 | 225 


Another well, reported by J. H. Farrow, well driller, 10 miles south 
of Files Valley post-oflice, is 200 feet deep; depth to first reservoir, 150 
feet; to other reservoirs, 200 feet. It is a flowing well, furnishing 
about 5,000 or 6,000 gallons a day. The water is soft and is used for 
domestic purposes. The first reservoir was struck under a hard rock, 
and the water rose within 6 feet of the top; the water from the next 
reservoir rose 3 feet above the surface. Water was struck in white 
sand. 

In a well reported by Sides and Hartson, on the ‘‘ mountain” in 
Hill County (Austin chalk scarp east of Files), the depth of first reser- 
voir was 421 feet, total depth 442 feet. (See fig. 70, ).) The well 
does not flow, but the inexhaustible water rises above the level at which 
it was reached. The water is soft and is used for irrigation. 


552 BLACK AND GRAND PRAIRIES, TEXAS. 
A section of this well as given by the drillers is as follows: 


Secrion No. 91.—SEcrioN OF WELL ON MOUNTAIN (AUSTIN CHALK SCARP) EAST OF FILEs, 
Hitt Country, REPORTED BY SIDES AND HARTSON, WELL DRILLERS. 


(Fig. 69, D.) 


Thickness, | Depth. 

Feet. Feet. 
6) Silt: 2.002.252 2 Se 3 | 3 
dy Wihite rock) (Alstin)i2< .. -4. a= epee eee ee 74 | 77 
4 BluesRock (Austin) \a_. 2. oe 48 -| 125 
83. Slate (Eagle Bord) ...:/ °c) See 296 | 421 
2, Oap tock 2. = A2s525.21...52- ee 3 | 424 
i. Water- bearing’ sand (Woodlbime)== >= 3222s asses | 18 | 442 


Another well 38 miles west of Itasca, reported by J. H. Farrow, well 
driller, is 889 feet deep. Depth to first reservoir (x*), 165 feet; to x’ 
reservoir, 389 feet. The well is nonflowing, furnishing 480 gallons an 
hour for boiler and stock. ‘a 

The driller states that this is the first well in all his experience in 
which just before striking the sand he found shells which seemed to 
be petrified oyster shells. A thin stratum of lignite was struck just 
on top of the sand. The shells are no doubt the fossiliferous horizon 
of the Lewisville beds. (See pp. 308-318.) 


WELLS FROM THE PALUXY RESERVOIR. 


There are several wells in Hill County which apparently obtain 
water from the Paluxy formation, but so far as reported none of them 
flow to the surface. 

In the well of C. L. Knapp, 45 miles east of Blum, Hill County, the 
depth of the first reservoir was 532 feet; total depth the same. The 
water does not flow, but rises 192 feet above the level at which it was 
reached. Itcan be easily lowered. It is soft,and is used for running 
gin and mill machinery. 

A section of this well given by Mr. Knapp is as follows: 

Section No. 92.—SEcTION OF WELL or C. L. Knapp, 43 MILES EAST or Buum, HILL 
County, TEXAs. 


Thickness. Depth. 

Feet. Feet. 
6: ‘Pack sandli(Wioodbine)|s. 222222022 5 eee eee 20 20 
5.. Blue marl (Denison) 2522-4. -o- © ee ene eee 100 | 120 
4, Lime rock (Georgetown, and Edward) ......-..---------- 180 300 
3. Blue marl" (Walnut) 222" eee 80 380 
2. Hardpan (Walnut) tc 22 Seece 4 oes cen oe ed 52 32 
1.. Water Sand (Paluxy)) S226 5.5. 5.5 eee 100 | 532 
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Mr--Guy R. Simpson’s well, 438 feet deep, is located 15 miles south 
of Whitney. The well does not flow, but the water rises to within 6 
or 8 feet of the surface. It is used for irrigation. The well averages 
about 10 barrels an hour. 


Section No. 93.—Srcrion or Mr. Guy R. Smreson’s WELL, 14 MILES SOUTH OF 
Watney, Hitt County, Texas. 


Depth. 


Thickness. | 
cepa cer 
Gauaumipyalimestome and marl: s- 25-52... -.25 22sec eee | 238 | _ 238 
DCAM Cmimeconglomeratee: =a. sane ovens aee ee sere. 14 | 252 
4k. IUMDCMOMO. a Sod = Soap SOBER eS AeA eC aaeP BES ae Saesee 93 | 345 
See iemleamcwlimestoneise = ae se Ao ech ane ease e ceeeae 60 | 405 
PG riupneonrconnigatoacclOMerates == sso 5 esses eae eee o | 30 | 435 
1. Green-colored sand and sandstone...-.--.---------------- | 3 | 438 


WELLS FROM THE TRINITY RESERVOIRS. 


Deep wells have been driven into the Trinity reservoir at Whitney 
in the western, Hillsboro in the central, Itasca in the northern, and 
possibly Hubbard, in the extreme eastern portion of the county. 
These wells, together with those of adjacent counties, 
demonstrate the existence of the Trinity reservoir be- 
neath the whole county. 

These wells are found in the Brazos Valley at the ex- 
treme western corner of the county at depths of about 
600 feet, and the depth increases to the eastward until 
at Hubbard, at the extreme eastern corner and some 60 
miles distant, the depth is over 3,000, probably 3,500, 
feet. This gives an approximate and uniform inclina- 
tion of the reservoir of 40 feet per mile to the eastward. 

There are two or three flowing wells at Whitney and 
vicinity, concerning which, however, it has been very 
difficult to procure accurate data. Judging from sey- 
eral reports, it is probable that the Paluxy reservoir 
is struck at 640 feet beneath the surface and a Trinity 
reservoir at 1,000 feet. (See Pl. LIX, /) 

The town well in Whitney, as reported by Mr. D. 8. 
Mayes, secretary, is 1,000 feet deep. The elevation 
above sea level is approximately 686 feet. I+ is esti- Fic. 71—Well at 
mated that the water willrise 40 feet above the surface. Ruan ees 
The depth to the first reservoir is about 640 feet. 

The well flows, supplying 200,000 gallons a day for the use of the 
town. The water is soft, with some evidence of soda. The water from 
the 1,000-foot reservoir is theoretically from the t’ reservoir, and that 
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at 640 feet from the t® reservoir. Whether the Whitney wells have 
penetrated to the t’ reservoir or not we can not say. Another cor- 
respondent says the well at Whitney was reported by Mr. Blackstock, 
the well driller, to be 1,575 feet deep. If this is true, the lowest 
reservoir has been reached. 

Another well near Whitney, owned by Mr. C. M. Carver, is reported 
to be 1,600 feet deep. No particulars could be ascertained. 

In section No. 93 will be found the details of a well near Whitney 
as far down as the Paluxy reservoir. 

At Aquilla, about 10 miles southeast of Whitney, an excellent flow- 
ing well is obtained at a depth of 667 feet from an upper reservoir— 
t’—of the Trinity system. 

The following excellent section of the artesian well at Aquilla, Hill 
County, was kindly furnished by Mr. N. W. Curry, of Jonesboro, 
Coryell County, Texas. (See fig. 71). 


Secrion No. 94.—SEcTION OF ARTESIAN WELL AT AQUILLA, TEXAS. 


—— 
Thickness. Depth. 
Feet. Feet. 
41.: Black*soill 3-12.34. 23-8 oe ae eee eee eee 4 4 
40. Yellow clays 2222. Sees ganas cee eee eee eee 6 10 
39. Yellow sandandiclayy- 225-2 -a- 20 ee see eae eee 3 13 
38. Grayishiclay 222 2s0sc0- 2 seisoe ee eee eee aeeeee 10 | 23 
37. Graveltmixed wath claya semeee eee aera eee eee 5 28 
36.. Blue clay) Oo -eeiccen ates oon cee cee Bae Cone eee 1 29 
35. White clay i305 223 be eceeca, 2 eee eee eee 3 32 
34; Black:silty clay: 27-5. S34 See os se Oe ee eee 40 i 
33." Shelly limestone a. 25 255 S52 2 ae oe oe eee eee 6 "78 
32) Shaly blackiclay. 22s: = 4-6 sae eee ee ee eee 4 82 
3, Hard whiteslimestone!-s55-5-see seco Sees eee 10 | 92 
30; ‘Dark-colorediiclayee. 2 <2 ase os eee eee ee 3 | 95 
29. White limestone. ~-.ts42 aso as cena ee nee oe eee 100 195 
28: White chalkioniclayir sa. 2 cee eee eee eee 10 205 
27. Pale-blue clay 22524. Ge 5 = oe ee ee eee 3 208 
26. Hard ‘sandior grit. 22A2an-ee ck oss e eee eee ee eee 35 243 
25. Hard white limestoneis-2 354-405. seee eer e eee eee 5 248 
24, Hard darkisandstone s2---- seas. esos e eee eeeee eee oeeeee a) 253 
23. Shelly clay ‘and /sandstone)]--ssse-- se seeee ee eee eee 40 293 
22. White gritty pack sand: = see --es-- eee see eee eee + 297 
21. Fine pebbly conglomerate =... ee. esos ese eee eee 50 347 
20. Light-colored clayis222-32 ss. ence ne eee ee eee 5 352 
19: ‘Soft white dimestone = 2222.-see- eee ee eee 70 422 
18. Sandy. clay: ....-2.<s 55525 sete cee eee ee eer 15 | 437 


17. Hard white ipritty stones 5-4 eer a eee eee eee 20 
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Sretion No. 94.—SEcTION OF ARTESIAN WELL AT AQuILLA, TExas—Continued. 


Thickness. Depth. 


Feet. Feet. 
l6yeWarkashellyeacclomeratewene 42 cc25. 22 ose eeaee Da aeae 3 | 460 
5 lardawiitelimestone and clay: 2252-22. sc2seecse sesso 10 | 470 
Ammlardaplackscan dynocCks sees ae eete ns = cece. assem cece 15 485 
12), IDA COMAGINS Ci SoA sHeoo qe aaa OeeEeeCor sco seroason 6 491 
1, laleyel fone BRING. 2s eemcc ab Sones BOO Se eee Eee Eee eee aac 20 511 
MES Sands tonepreemeerene amet mer hej c ie Ssciewecia= sc teecee 5 516 
10), Didi hile ce s55. 5.2 Bee ee ee 10 526 
OMG enya ns meee Nir nae, 2h REM cet i 2a Sate 10 536 
Gh. Clay ot sanded ewlc abe ae ee 40 576 
is IDtiNy SONS. oes Cooder a coc e Sosa Bees ee eee eee aes i13l 587 
Gaisandivaclayawithrshellsizemeeer eas cs ja22 = eee ces- S ee 10 597 
ORM SAIC wearer ie ett mse te ety Pn ves Siein.cisis aisle eels oes oe 20 617 
al, (Seidel sho EN OuS cues Sas soso dHoee DOSE eee Cee eee 30 647 
SueAsh-colored sandsrandiclaysiecisces ase -> ceeece- 2 2 one 5 652 
Zope lesan daar dg ar ewe ein sees senses Se sje Serre e slSsitis 5 657 
im Greenysanduan diclavues seem sss ee- nie ecise cee ae eins | 10 667 


The above section is one of the most complete received from the 
Texas region. Of the section numbers, 30 to 41, inclusive, represent 
the Kiamitia, Goodland, Duck Creek, Fort Worth, and Denison 
formations of the Washita division. Nos. 29 and 28 are undoubtedly 
the Edwards limestone; Nos. 15 to 27, inclusive, the Walnut forma- 
tion; Nos. 11 to 14, the Paluxy sand, concerning the water-bearing 
capacities of which the correspondent makes no remarks. Nos. | to 
10 represent 141 feet of the upper and thinner beds of the Glen Rose 
formation. 

The town well at Itasca, reported by C. C. Weaver, mayor, is 1,680 
feet deep, depth of first reservoir being 1,200 feet. The pressure is 
14 pounds. It flows 35 feet above ground level, furnishing 9,600 gal- 
Jons per hour. The water is soft and is thought to contain a small per- 
centage of sulphur. The well cost $5,000. 

The Paluxy reservoir was reached in this well at about 700 feet, the 
t®? reservoir at 1,200 feet, and the t? reservoir at 1,680 feet. The well 
begins in the middle of the Eagle Ford clays, penetrating about 170 
feet of that formation. Below this it passes through about 120 feet of 
the sands and clays of the Woodbine formation; then through 400 feet 
of the limestone and blue calcareous marls of the Washita and Fred- 
ericksburg divisions to the Paluxy sand. Below this about 400 feet are 
penetrated to the t® reservoir and 450 feet to the t? reservoir, or a total 
of 850 feet of the Glen Rose calcareous formations. Unfortunately 
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no report has been procured concerning the waters encountered in the 
x, p, and t? reservoirs. 

The well at the natatorium in Hillsboro (see Pl. LIX, //), reported 
by Mr. G. W. Brown, manager, is 1,762 feet.'| Depth to first reservoir 
is 800 feet; to other reservoirs, 1,200 and 1,500 feet. It flows, furnish- 
ing 50,000 gallons daily, the amount remaining stationary. The water 
is used only for the natatorium. 

It has been impossible to obtain an accurate log of this well or 
reports showing the character and productivity of the different water 
reservoirs passed through. The formations penetrated may be esti- 
mated as follows: 


: Feet. 
Magle Mord clays; seyecicc..0 2252 o'se 5 22 ease ee ee ee 225 
Woodbimewtormation™ 2222000" 2.52 ee Are eee Sierra eee tearm ee one ee 105 
DenisonybedsroratlvewWasluitayclivaSie meee eee ae ease ee eee ee 100 
Edwards) Hort Worth, and Comanche Peak limestone 225 sss esses ee 240 
Walmmttbedss oluerclarycram dll Limes tor Cs) pees eta ee 120 
Palttoxy sands acta se he, to 8 ek aig ee 
Wiper GilenmRose Limmestome:: = 2.5 oe 2) eee ge ae ee y-, 300 
Upper TrimityareseryOu: (ib?) es 2 <2 se ee eee ne el 
Lower Glen Rose formation and Basement Trinity sands..__..........-.....-- 460 


The Trinity reservoirs have not been exploited in that portion of 
Hill County lying between Hillsboro and Hubbard, 30 miles south- 
eastward. At the latter city is to be found one of the deepest artesian 
wells in Texas and one which throws great light upon the availability 
of the reservoirs of the Comanche series eastward of Hillsboro. 

The following log of this well has been furnished by Mr. H. G. 
Johnston, the well driller. The cores of this well, representing the 
strata between the depths of 2,260 and 3,166 feet, were purchased by 
the United States Geological Survey, but it has been impossible to 
make a minute study of them. The lowest specimens, however, con 
tain characteristic fossil Rudistes of the Edwards limestone, which 
would indicate that the well has not yet penetrated the Trinity res- 
ervoirs. The strata at 2,230 feet undoubtedly contain characteristic 
fossils of the Walnut clays, such as Gryphwa corrugata. Below this 
to a depth of 3,166 feet there is a thickness of 930 feet of limestone 
having the characteristic appearance of the Edwards and Glen Rose 
limestone. This thickness is somuch greater than any encountered in 
the wells to the westward or in the surface outcrops of these forma- 
tions that one can only conclude that these formations have rapidly 
thickened eastward. 


1Mr. H. G. Johnston, the well driller, reports the depth of this well as 1,650 feet. 


HILL. ] 


ARTESIAN CONDITIONS 


Section No. 95.—LoeG oF ARTESIAN WELL AT HuBBARD, 


Hitt County, Texas. 


FURNISHED BY Mr. H. G. 


JOHNSTON, WELL DRILLER. 


(See fig. 72.) 


Thickness. Depth. 
| Feet. | Feet. 

DilpeOicllowaClayweeem eee ec 25 25 
PANY Wileyal (i) E caeoseecuedeas 675 706 
Qs Chelle (GM coesstassaeeeee 330 1, 030 
Is, SLOG (15) eee accuceubace 320 1, 350 
17. Stuavel wener (G2) sscSecese 15 1, 365 
1G, IBline Waylon Saesse 65 1, 400 
Id, Seine! Wee (CK) seseacase 15 1, 415 
[ASS lo ewan es eee -pe a 50 | 1, 465 
ek Skuavel waniee (Se) cecceosou 15 1, 480 
12. Basal clay of the Wood- | 

bine and upper part of 

the Denison beds (d) -. 168 1, 648 
11. White limestone .......- 427 | 2,075 
10. Alternating strata of lime | 

and marl which caved 

badly; 43-inch pipe ex- | 

tends to 2,230 feet .__.- 155 | 2, 230 
9. White limestone ........ 30 | 2, 260 

(Diamond drill used from 

this depth to finish. ) 
Sealciumestoner esas eee eee se 588 2, 848 
Us kG nin oisthenl See es Sa ee 30 2, 878 
Gupleimesionel sess aser eee 125 3, 005 
Dy ISI le lar ee ees ae 12 3. OZ, 
Ave int es tone ame seen ae 24 3, 041 
Se ELIA pense ss aa ene ee 22 3, 063 
Drie SAT Cemeetne pacere ee RN 2 19 3, 082 
[ew bimMestone psec nae oe 84 3, 166 


There is a sand at 2,325 feet which cor- 
responds very closely in position with the 
Paluxy formation, but the Edwards fossils 
are undoubtedly found in the underlying 
limestone at the very bottom of the well. 
The water-bearing sand 60 feet above the 
bottom of the well corresponds in position 
to the t* reservoir of the Hillsboro and 
Waco wells, and if this is so, the citizens of 
Hubbard must go 500.or 600 feet farther 
before reaching the basement reservoir. 


IN HILL COUNTY. 
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Fie. 72.—Log of well at Hubbard, 
HillCounty, Texas. (For expla- 
nation of symbols see Pl. XVI, 
p. 110.) 
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This well has cost the people of Hubbard $22,700. The water now 
flowing from the well is highly charged with mineral matters, as shown 
by the analysis in table opposite p. 448. It is used only for bathing. 


JOHNSON COUNTY. 


Johnson County has an area of 725 square miles, and is situated 
within the heart of the main artesian belt. About one-half of its area, as 
shown upon the accompanying map, is so situated as to be within the 
field of availability of flowing wells, while good nonflowing artesian 
waters can be obtained in 
all parts of the county at 
depths of less than 900 feet. 

The eastern third of the 
county lies within the fer- 
tile black land of the Eagle 
Ford Prairie. The Eastern 
Cross Timber belt consti- 
tutes a wide ribbon of 
sandy timbered land ex- 
tending north and south 
through the central and 
northwestern portions of 
the county, while the 
Grand Prairie occupies 
Fic. 73.—Artesian map of Johnson County, Texas. 1, area the southwestern portion. 


in which flowing wells from the Trinity reservoir may be A small area of the wide 
obtained; 2, area in which flowing wells from the Paluxy Oa 40 

and Woodbine reservoirs may be obtained; @, flowing Brazos Valley is in the 
wells from Trinity reservoir; 1], nonflowing wells from extreme sout hwes tern 
Paluxy reservoir; yy, nonflowing wells from Woodbine corner 


reservoir; figures indicate depth of wells in feet. 

The greatest altitude in 
the county, along the divide between Brazos and Noland rivers, is 
1,000 feet. All the eastern third of the county and the valleys of the 
Noland and the Brazos are below 800 feet, the maximum altitude to 
which flowing waters will rise, while the Brazos Valley on the south- 
west and the valleys of Chambers, Island, and Mountain creeks on 
the east are as low as 600 feet. 

The entire county is underlain by the Paluxy and Trinity formations, 
and the eastern third also by the Woodbine formation. (See fig. 73.) 
The Basement Trinity reservoir is 900 feet below the surface at the 
western border and about 2,000 feet at the eastern edge of the county 
(from 300 feet below sea level to 1,400 feet above sea level). 

The Paluxy formation outcrops at an altitude of about 750 feet on 
the western edge of the county. It is about 350 feet above sea level 
in the center of the county and about 150 feet below sea level at its 
astern edge. 


PL. LX 


PART VII 


TWENTY-FIRST ANNUAL REPORT 


U. S. GEOLOGICAL SURVEY 
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WELLS IN JOHNSON COUNTY, TEXAS. 


D, G, W. Bronson's 


C, Cleburne; 


enway ; 


B, 3 miles northwest of Gre 


Isaac Russell's well, 3 miles north of Freeland; 


A, 


well, 24 miles west of Burleson, 
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The Woodbine formation (x’, x*) outcrops at between 800 and 900 
feet above sea level east of Cleburne, and is about 400 feet above sez 
level at the eastern edge of the county. 

The dip of the Woodbine formation is about 40 feet to the mile, 
unbroken, so far as we know, by faulting. The Basement sands prob- 
ably dip about 60 feet to the mile, as in the adjacent counties, but this 
has not been demonstrated by well drills. 

The Woodbine, Paluxy, and t* reservoirs, of little value in the 
counties to the southward, become of considerable value in this 
county. 

The county is practically divisible into three artesian districts, as 
follows: (1) That portion east of the Eastern Cross Timbers where the 
Paluxy reservoirs are available at depths of less than 400 feet; (2) the 
Brazos Valley below the 750-foot contour, where the upper Trinity 
waters (t*®) are obtainable at depths of from 500 to 1,000 feet, and (3) 
all the county west of the Cross Timbers except the Brazos Valley, 
where the Paluxy waters are obtainable at depths of less than 600 feet. 


DEVELOPMENT. 


Notwithstanding the excellent conditions of supply, Johnson County 
possesses fewer artesian wells in proportion than other counties along 
the main artesian belt. Many of the wells are incomplete, as they 
have not been drilled to the best of the available waters. So, judging 
from the data obtained, no wells have as yet penetrated to the Base- 
ment sands or t’ reservoir, and many of the Woodbine and Paluxy 
wells stop in the upper reservoirs of these systems instead of pene- 
trating them and securing the purer and more abundant waters in 
their lower beds. In all we have the following records of artesian 
wells in Johnson County: 


Schedule of wells in Johnson County, Texas. 


WELLS FROM THE WOODBINE RESERVOIR. 


lz oie 
ac a eect = 
SI ee Ie 
Owner, Exact location. 3 | Si alisal Es fle ee 
Le) uo] = Be | Bm |g 
Si |e ie Sia eaeleSaless 
= 3S Ss w ) = ™ | oo 
& © | o 3 # S 3 |e 
< ae 1A fe) 4 &e |C|A 
| | 
Feet. | Feet..| Feet 
Ve 1855 UCIC pee eteeeanee Alvarado, 5 miles southwest | 750 | 130 SON Bees an ENO: 3 ¢ 
of. | 2 |. 
Stubblefield Gin Co....| Stubblefield .....-..-......-... Ife 196 | 15] 150 x No. OF Ne 
Sides & Hartson. ...... Grand View, 4 miles west of ..|...... 300 | 86] 150] 200] No. ali ile 
OsENGTII Cop eee Grandeyiiew aes sae eee 702| 196| 76] 180] x | No. Me It 
Jr@aSmythecere see =aee NIG doceece sane see penseadaute fcceoe | 183] 50] 120) x | No. | 1] x 
ax =yes. 


b1, soft and potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, con- 
tains lime; 8, contains soda; 9, contains alkali; 10, contains potash; 11, contains alum; 12, contains 
magnesia. 
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Schedule of wells in Johnson County, Texas—Continued. 


WELLS FROM THE WOODBINE RESERVOIR—Continued. 


ui 
2g 
z 
= , : Zi 
Owner. Exact location. : pve leek || == = 2 z 
d o ° > i oo eS 
cS) Le) = ies oe = Pls 
S = rs B 2 & es 
= 2 | 2 |) de 
= ee) - _ = i! 
4 a =) ° a4 & ClA 
Feet. | Feet. | Feet. 
Mansfield, Tarrant County, 2 | 'r 160 
Bi Syshook ese. milessouthof. |‘ {h.... 225 | 75 { 360 \ 125 | No. | 1 
\|Pleasant Point, } mile south of. | 
Ra Aes lf 191) 55] 170] 110), 1 
W. A. Huchabee....... Hleasant Point, 3 miles north |...... { 116 72| 97 55 }No. { 9 
WELLS FROM THE PALUXY RESERVOIR. 
—— : = a 2 = a 
DEN CpMieeVaeseene sis Godley, 5 miles south of.....-. eaten 420 | 200} 300] x No. eee 
Alovabal ASHHO MO os eee Bono, 2 miles north of......--- 950 | 397 | 370 |-..--- 90 | No. 1 | x 
HeploaRusselilaeee seer Bono, + mile east of -.......--- 800))|| :31)|) (3001) Soseee x No. alee 
DoH. Denton se s----- -- Joshua, 6 miles northwest of..| 900 | 424] 410 |...... 235 | No.,|, 1 | x 
G. W. Johnson........-. Joshua, 3 miles southwest of..| 900) 525 | 480 35 x No: .| 1 |- 
GoW ONL ste nee acess Rio Vista, 1 mile northeast of.) 725 | 460] 440 |...... x No. it | 
Wards la COs oscceseece Sullivans. i520. 3 ms caress =n|| 275011040 ie 4500 |Seeeae 364 | No. ae 
ReeBartlevisecsssesee eee Cleburne, 3 miles northwest 900i, 424." (8508 Benes 150 | No 1 | 5d 
of. | 
Oa NA ClOE KG pees e sae Cleburne, 3 miles southwest | 800 | 420 | 300] 405} 260) No Teese 
of. 
JAS, OLeUMaMse = - <4 - Reports 4 wells in Cleburne...|....-. S60) Sale eee 2003 NOL S| Sa - las 
M.S. McDowell ...-.--. Cleburne, 6 miles south of..... 800) | 520) |) 400)|2222-3 x No K ‘ x 
V.M. Hightower ...-.-. | Cleburne, 5 miles southeast ; 800 | 568 | 4540 |...... | 400 | No. Tbe eee 
of. 
Academy at Keene....| Cleburne, 6 miles northeast | 900 { 50 li 100 { 150 \ 450 | No 1 is 
of. G 
G. W. Branson..-.-.--.- Burleson, 2} miles west of..... 750 | 465 | 450 | 460 x No. i 
R. L. Norwood ..-.--...- Rendon, 2 miles north of (Tar- |....-- 535 1) 525) |. 2s. x No. 1 
rant County). 
DiiseMiurphyeesss sera | Burleson, 1 mile west of...-.-- 775 | 500 | 460 |...--- x No. 1 
WELLS FROM THE TRINITY RESERVOIR 
Pisa EL eee Aerie Sor \hby UC Rane eee Sete Meee leet iO cn nolo scMasema| Se leseelloce= 
J unm el see see ee ae Greenway, } mile northwest | 600 | 602° | 490) > Sabi ieee os x a Ea |B 
of. 
R. Hi. Simpsones--== =. Greenway, } mile west of ..... 600 590 | 150) |S esene x << { : \x 
W. A. Killough.......- Freeland, 14 miles west of...-- 700 | ATA EY IE lao x 1 3 
Jn WONG Cee eee see aee i= Freeland, 1; miles south of...) 650 | 585 |+110 | 485 |...... 3 TH | heeye 
S.Moreeys. Gee eee Freeland, 2 miles south of, in |...... 500 || SOO ves ese | Soe x hes 
Brazos Valley. } 
AD J pendWwardstecceeees Freeland, 4} miles south of,in |...... | 6189) ~ 150) 322u oases Sc LE HESS 
Brazos Valley. | | 
970 | 425 825 
DoWwWeGhasec- ere ees Cleburne, 6 wells........--.--- 750 to | to 10g boa eel lee eae 1 
1003 | 525 915 


a Reported by T. E. Roessler. 
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WELLS OF THE WOODBINE SYSTEM. 


There are a few wells in the eastern part of Johnson County which 
have penetrated the Woodbine reservoirs, notably at Grand View, 
Stubblefield, Venus, and in the northeast corner of the county, south 
of Mansfield. These waters will not flow above the 550- or 600-foot 
contour, and hence flowing wells could be expected only in a small 
area near Island, Middle Chambers, Chambers, and Cottonwood 
creeks, but good nonflowing wells can be obtained at comparatively 
shallow depths everywhere east of the Eastern Cross Timbers in this 
county. 

The well of the Oil Mill Company, in the town of Grand View, is an 
excellent type of the Woodbine nonflowing wells. It is 196 feet deep; 
depth to first reservoir (x*), 76 feet; to second reservoir (x*), 180 feet. 
The water reservoirs are soft sand, between 12 and 15 feet deep. The 
well is nonflowing and furnishes 30,000 or 40,000 gallons daily. 
Mr. J. H. Farrow, the well driller, says: ‘‘I believe this to be one of 
the strongest reservoirs of shallow water I ever saw.” Water is 
pumped out to run a large oil mill and to water from 1,500 to 2,000 
head of cattle. 

Messrs. Sides & Hartson, well drillers, give the following facts con- 
cerning a Woodbine well drilled by them in the Cross Timbers of 
Johnson County, 4 miles west from Grand View and 10 miles south- 
east from Cleburne: The well is 300 feet deep; depth to first: reser- 
voir, 86 feet; to second reservoir, 150 feet. It is nonflowing and rises 
200 feet from bottom, furnishing 200 gallons of soft water per hour. 
The first and second waters were not of good quality, but were cased 
off with iron casing and the drill hole was continued to the lower and 
softer water. All of the deep water is in beds of white sand ranging 
from 33 to 20 feet each in thickness. 

The Stubblefield Gin Company reports that their well at Stubble- 
field is 196 feet deep; depth of first reservoir, 15 feet; of second res- 
ervoir, 150 feet. It is nonflowing, and used for running gin. Strata 
passed through were red sand rock, then blue clay, and then a white 
sand to water, then back to a blue clay—all beds of the Woodbine 
formation. 

The well of Mr. W. A. Huckabee is located 3 miles north of Pleas- 
ant Point, in the Cross Timbers. Total depth, 116 feet; depth of first 
reservoir, 72 feet; of second reservoir, 97 feet. It is nonflowing, the 
water rising 55 feet. The first water was of the mineral character 
called ‘‘copperas” in this section. This is generally found in the 
upper or x® reservoir, and can be cased off. The water of the lower 
or x” reservoir is usually very pure and is potable. 

Mr. B. S. Shook, driller, reports the following well drilled by him- 
self, one-half mile south of Pleasant Point: The total depth is 191 
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feet; depth of first reservoir, 55 feet; of second reservoir, 170 feet. 
The well is nonflowing, but the water rises 110 feet. The well is in 
the Eagle Ford Prairie. It passed through soil and about 12 or 15 
feet of red clay, and then blue dirt to first reservoir, 55 feet; then it 
passed through water in sand rock and blue dirt to second reservoir. 
Mr. Shook writes: ‘‘ On the east side of the Cross Timbers soft water 
‘an be obtained from 175 to 225 feet [from the Woodbine reservoir]; 
on the west side from 475 to 550 feet [from the Paluxy reservoirs].” 


WELLS OF THE PALUXY SYSTEM. 


In Johnson County, as in Tarrant, Denton, and Cooke counties, to 
the northward, the Paluxy formation assumes great importance as a 
source of artesian water. The sands become thicker and the water, 
especially in their lower part, less impregnated with mineral matter. 
In the counties named these wells are more numerous than those from 
any other reservoir, and from an economic standpoint are the most 
available, inasmuch as they can be obtained nearly anywhere west of 
the Eastern Cross Timbers at depths of less than 550 feet, and“hence 
are within the reach of the means of the farmers and stockmen. 

In Johnson and Tarrant counties these wells are obtainable at depths 
of from 450 to 550 feet along the western border of the Cross Timbers, 
and the depth decreases along lines of strike to the westward. The: 
following wells in Johnson County, near Burleson, Cleburne, and Rio 
Vista, are all near or on the edge of the Eastern Cross Timbers. The 
500-foot wells usually pass through about 320 feet of alternate strata 
of calcareous marl and limestones of the Washita division, about 80 
feet of the hard Edwards limestone, and about 100 feet of the shell 
limestones and marls of the Walnut formation before reaching the 
Paluxy sands. 

The nonflowing well of D. I. Murphy, located 1 mile west of Burleson, 
is 500 feet deep; depth of the first Paluxy water, 460 feet. The drill 
passed through the limestones and marls of the Washita and Freder- 
icksburg divisions, penetrating, approximately, their entire thickness. 
Just above the first water the Gryphwa corrugata shell agglomerate 
was passed, and the first water was obtained in a porous sand rock 
below it. This was found insufficient in quantity. The drill then 
went through a hard quartzite stratum, called ‘* flint rock” by the 
people, and struck the second reservoir of water in the lower portion 
of the Paluxy sands, which rose about 300 feet and has never been 
lowered. 

Mr. G. W. Bronson has a similar nonflowing well, located 23 miles 
west of Burleson (see Pl. LX, J). Its total depth is 465 feet; 
depth of first or upper Paluxy reservoir, 450 feet; of the lower res- 
ervoir, 460 feet. The well furnishes 6,000 gallons of soft water a 
day. The drill passed through strata similar to those above mentioned. 
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The shell agglomerate just above the first water was probably 8 or 10 
feet thick. 

The well of G. W. Johnson, 3 miles southwest of Joshua, is also of 
this type. The total depth is 525 feet; depth of first reservoir, 480 
feet; of lower reservoir, 525 feet. It is nonflowing, but furnishes an 
abundance of fine soft water. 

Mr. 8. N. Clark’s well is 3 miles southwest from Cleburne. It is 
nonflowing and is almost identical in character and stratigraphy with 
those at Burleson. Total depth of this well is 420 feet. There are 
four other wells within a radius of 14 miles of this one which are 418 
to 425 feet deep and afford plenty of water for home use. 

Still another well of this type is that of W. J. Ince, postmaster at 
Sullivan, located 3 miles east from Rio Vista. Its total depth is 540 
feet; depth of first reservoir, 450 feet; of second reservoir, 90 feet. 
It is nonflowing, the water rising 364 feet. The water is soft and is 
used for drinking and washing. The water was obtained in white sand- 
stone, which was penetrated about 40 feet. 

The postmaster at Rio Vistasays: ‘* We get similar artesian wells at 
450 and 500 feet, but no flow.” 

Wells from the Paluxy reservoir deepen as one goes eastward into 
the Cross Timbers, suchas that of V. M. Hightower, 5 miles southeast of 
Cleburne, which is 568 feet deep, and of the Academy at Keene, 6 miles 
northeast of Cleburne, which is 750 feet deep. The latter is the deep- 
est Paluxy well in the county. 

We have reports of only a few of the shallow Paluxy wells in the 
western part of the county, such as the nonflowing well of Mr. J. 8. 
Baugh, 2 miles north from Bono, which is 398 feet in depth. The 
water of this well is soft, with a little sulphur. 

The nonflowing well of H. L. Russell, one-quarter of a mile east of 
Bono, 311 feet in depth, is also of this type. Depth of first reservoir, 
300 feet. The water from this well is soft. 

WELLS OF THE TRINITY SYSTEM. 

Excepting the wells at Cleburne and in the Brazos Valley, in the 
southwest corner of the county, the Trinity reservoirs have not been 
tapped in Johnson County. This is due to the fact that the farmers and 
stockmen are usually content with the first good water, and find their 
wants in this county supplied in the Woodbine and Paluxy reservoirs. 
Alvarado and Cleburne are the only large towns in the county which 
could afford to go to the lower Trinity reservoirs as the cities of Hills- 
boro, Waco, and Temple have done. The writer has been unable to 
obtain any report from Alvarado, and hence that place stands upon the 
map as the only town of its size within the artesian belt which has not 
drilled a deep flowing well. The writer may be mistaken, however, in 
this conclusion. At Cleburne wells have been drilled to the depth of 
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1,025 feet into the Trinity reservoirs, which are there about 525 feet 
below the Paluxy reservoir. (See Pl. LX, C.) The writer is unable to 
say whether or not the Basement reservoir has been penetrated. The 
geological situation of the city is very similar to that of Fort Worth 
(probably 100 or 200 feet higher stratigrapbically), and wells have 
probably nearly if not quite reached the Basement sands. In drilling 
the Cleburne well the Paluxy reservoir was encountered between 425 
and 525 feet, an upper Trinity reservoir (t*) between 825 and 925 feet, 
and a lower Trinity reservoir (t? 4) at 970 feet. Alvarado would be 
obliged to go from 300 to 500 feet deeper to reach the same strata. 

In the extreme southwest corner of the county the wide Brazos Val- 
ley is cut down some 400 feet below the level of the adjacent uplands 
of the Grand Prairie 2 miles north of Freeland. In this valley, between 
Freeland and Greenway, according to Mr. Blackstock, the driller (see 
Pl. LX, A and #), there are a half dozen excellent flowing artesian 
wells from the Trinity reservoirs at depths varying from 550 to 618 
feet. These wells are a continuation of a series which is found along 
the Brazos and Paluxy valleys in Johnson, Hill, Bosque, Erath, and 
Somervell counties, from Waco west to Bluffdade. 

The wells of the Freeland-Greenway district all commence in a 
horizon near the base of the Washita and the top of the Fredericks- 
burg division, and are drilled through the river alluvium (in some 
instances), the Edwards limestone, the Walnut, Paluxy, and Glen Rose 
formations into the Trinity reservoirs (t??). 

Mr. Isaac Runnel’s well, three-fourths of a mile northwest of Green- 
way, which was drilled on an elevated spot, is a fair type of these 
wells. Its total depth is 602 feet; depth of first Trinity reservoir, 490 
feet; of other reservoirs, 585 feet. It is a flowing well, furnishing 
1,320 gallons of pure soft water per hour. 

The well of Mr. R. H. Simpson, located one-half mile west of Green- 
way, is much lower than the above well. It is 590 feet deep, the depth 
of the first reservoir (Paluxy) being 150 feet. It flows, furnishing 2,700 
gallons per hour. The water is soft and contains sulphur and iron. 

Mr. A. J. Edwards reports that-his well is located 25 miles south of 
Freeland. It is 618 feet deep; depth of first reservoir, 150 feet; first 
flowing water, 372 feet. It is a flowing well, furnishing about 1,080 
gallons per hour. Mr. Edwards says: ‘‘The flow and pressure depend 
on the location. In the lower valleys of the Brazos River it is much 
greater than it is on the second or third terraces and the depth shal- 
lower. There is a well about 1 mile across the Brazos River, in the sec- 
ond valley from my well, that flows about 200 gallons a minute. First 
flowing reservoir, 372 feet; second reservoir, 480 feet.” 
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TARRANT COUNTY. 


Tarrant County has an area of 897 square miles. It is one of the 
most favorably situated counties in Texas for procuring artesian waters, 
and is a region of great artesian development. 

The western half of the county lies entirely within the Grand Prairie, 
the gently sloping uplands of which are mostly based upon the out- 
crops of the Fort Worth limestone. The eastern half of the county 
lies within the belt of the Eastern Cross Timbers. The gently east- 
ward slope of the whole county is broken by the valley of the Trinity 
River, which is incised about 200 feet below the uplands. The general 
upland altitude decreases from 1,000 feet at a point northwest of Ben- 
brook to 500 feet at the extreme eastern edge of the county. Fully 
one-half the area of the county lies below 650 feet, the altitude to 
which the waters of the Basement Trinity reservoir will rise. 

In every portion of this county water can be obtained from one of 
the many reservoirs at depths of less than 550 feet; hence the county 
is unusually well supplied with artesian wells. 

The entire county is underlain by the Basement Trinity reservoir 
(see Pl. LXIX), which is about 500 feet above sea level near Azle, 
at the northwest corner of the county, and about 1,000 feet below sea 
level at the extreme eastern edge of the county. From this reservoir 
the so-called ‘*jumbo” flows formerly could be obtained anywhere in 
the county at points below 650 feet, at depths of from 280 feet on the 
western edge of the county to 1,500 feet at the eastern line. This 
reservoir, except in the valley of the West Fork of the Trinity, in the 
limited area in the northwest corner of the county, where it is avail- 
able at depths of less than 500 feet, is not often drawn upon by the 
farmer, for elsewhere in the county he can obtain sufficient water from 
the Paluxy or Woodbine reservoirs. As will be shown later, however, 
it is used to an enormous extent by the people and by the breweries, 
packing houses, and railroads and other industrial concerns requiring 
large quantities of water. 

The Paluxy reservoir (see Pl. LXX) underlies all of the county 
exceps about 20 square miles in the northwest corner between Silver 
Creek and the West Fork of the Trinity. It is the reservoir which is 
most used by the people, there being some 250 wells from this source 
alone in Fort Worth. 

This reservoir consists in general of two sandy strata separated by 
a thin layer of quartzite or clay, the upper of which furnishes water 
highly charged with mineral impurities, while the lower supplies 
water of purer quality, which is excellent for drinking and domestic 
purposes. This reservoir is available at a depth of 200 feet along the 
western margin of the county in the vicinity of Bear Creek, Benbrook, 
and Avondale; at about 425 feet along the western margin of the 
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Eastern Cross Timbers; and at about 1,000 feet at the eastern margin 
of the county. The Paluxy waters will not flow at points having an 
altitude of over 600 feet. 

The Woodbine reservoirs (see Pl. L.X-XI) underlie all that portion 
of the county east of the central part of the Eastern Cross Timbers, 
and approximately corresponding to a line drawn west of Mansfield, 
Arlington, Euless, and Grapevine. 

The Woodbine reservoirs are embedded only to shallow depths in 
this county, outcropping at the surface in the Eastern Cross Timber 
belt; the lowest of them is about 125 feet deep at Arlington and about 
300 feet deep along the eastern border of the county. There may be 
two reservoirs in the Woodbine system -(x’ and x’), situated in this 
county only a few feet apart, the upper of which furnishes impure 
water of the quality called ‘‘ copperas,” while the lower is very potable 
and of excellent quality for domestic and agricultural purposes. 


DEVELOPMENT. 


Tarrant County will be notable in the history of Texas as the pioneer 
county in artesian-well development, the first artesian wells having 
been drilled here. There are numerous artesian wells in the county. 
The writer has been unable to secure a complete list of wells, especially 
of those within the city of Fort Worth, but the following record will 
show most of the wells throughout the county: 


Schedule of wells in Tarrant County, Texas. 


WELLS FROM THE WOODBINE RESERVOIR. 


a = : Sar = 1 
FST head| S| pe DE 
Rllmesalt eon ck |S lsisicls 
Owner. Location. aS aS a S = 3 a|2|s.|-— 
Fete ey cal SUS Me x) - |$/S/8/e 
ep ei jen lie a 2 & |8/5 | |20 
= 5) D 3 4 = e|o/s/5 
< A (=) © (en & A |A els 
| Feet. | Feet. | Feet 
J. A. Morgan, reports..| Mansfield, 4 miles north- |....- 100 OOM Reese seams i ae ae eee 
west of. 
JeBryaltessees nese. | Grapevine.........---..-- BQ ee PR NI Tose) |, cleo |) Se lKoasokellsse Sa alail2-— 
sae a |fArlington,200 yardssouth \ nae f 80) 
Dr. Hutchinson ....._. \ of. : (rece 235 60 200) (ff 2 |p=====<)--- Wess 
‘©: sHiett.) cee eee | Sublett, 1; miles south- |..... 99 Wh Beaosc Oye eeaee ae se nea ee 
west of. 
emcee eee eee eee Sublett, 1 mile south of...)....-| 165 (eh paeee al 
Je TATon Cyrene eee eee Arlington, 3 miles south- |....-. 165 40 75 11 
east of. 
Siarotcla ie rain aren terete erent Johnson Station, south- ]|..... 71 (5) [esacecl) 54 {esses 66g) boa) 24! 
east of. 
Bia ei \fJohnson Station, 3 miles || f 140 |) | | 
Wits Walton ee essere | south of. f 210 24 ieipes pea 1 
Mansfield, 100 yards from c 
| ; J 
Mayor of Moneneia eel post-office at, about 50 | 200 | 50} 150] x aoa |1 
| wells. | J 
J. Pinson, reports. -.-.- Mansfield, } mile from ]|.....| 156 24 66 Se 36038 SAG boat) ae 
post-office at. alan 


a x<~=NXEs; 
b1, soft and potable; 2, hard; 8, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, con- 
tains lime; 8, contains soda; 9, alkali; 10, contains potash; 11, contains alum; 12, contains magnesia. 
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% Schedule of wells in Tarrant County, Texas—Continued. 
WELLS FROM THE WOODBINE RESERVOIR—Continued. 
ve e ; 
a le | Bl os 
‘ ie i | fe) B 3 2 ae) g 
Owner. Location. plete seeselleeise eee 2/4/5)-8 
Slee ies ee real te ARES 
= iS) o i) tz) & a/o|5/8 
<q Be 1a fe) [on i BIA lA 
| Feet. | Feet. | Feet. | 
J. Pinson; reports ..... Mansfield, } mile east of -.)..... 190 BO eee epee o||erersesere | eratelle= Nes 
R.B. Jennings, reports.| Grand Prairie, 4 miles | eels 170 90 |------| X |-------)-- ell 
west of. | | 
) 
Mall e1yreee ae ricisetiaysi Webb, 1 mile north of....)..... GRID |) TNO) | DABS |) Se Nese Soalles 1 
Je RaglanGdlese- =.= Webb, 4 mile south of ..../..... 169 20 (so5c06 1 eos 
Uedd), OO Gtt so sonobecee Arlington, 5 miles south- |....- 125 OH fdsemeal| ves llsaeorellace 1 
east of. | 
J. H. Pinson (reports) .| Gertie, a little south of, |....-. 50! LOD |e a -= ewes 1 
2 miles east of. | 
Do Britton (Ellis County), 2 |\ 208 90 | ef Ihgeee | 1 
SRO a aaa /| miles northwest of. fer - = 7 TU (asad I aioe sacaonc | Siac 
140 | 
MD Os Saceets es cee tell Britton (Ellis County), } |..... 95 C55 ebased x jal 
mile northeast of. | | 
TD Omer cece reais Britton (Ellis County), 2 |...-.. 68 (0 leaoose Weesotetaye 1 
miles northeast of. | 
IDO) dpogscdseceerecel aces ORE eae nate ie saclesemte | eee LOT aLOONl Eee [ees x 1 
ee ane cee vee ait ele=taleicicts Fort’ Worth, 19 miles |.....| 300 | 260] 280 aN Rapesceltae| eel ballllaor 
northeast of. | | 
GW. Hewitte22--.-- =. Marine post-office, 1 block |... .- DAS eo 30 I= ceem | eS Mpgeiesriei| mt | 2S 
west of. | | 
Te (Sy WOME So snesc8sce Marine, } mile north of...|..... Oh) || GPS een cael: 5 1! Bossocclacd |x]/1\x 
ARTESIAN WELLS FROM THE PALUXY RESERVOIR. 
Mirsssiishectaa oes... Aledo, 4} miles east of, on |... PALO || OBIT | PHP SS oSescodloe 1 < 
divide between two 
creeks. | 
ep l GOLOntneeceeser ene Bear Creek post-office, 14 |....- QO0R eases seecale OMe lersse aae| ee E< 
miles southwest of. 
Wise) aye css = hej ape can Bear Creek, 1} miles south |..... 170 50 80 S4  ageisseel aaa 1 
of, on divide between ‘ 
Bear Creek and Clear 
Fork. 

‘ Bear Creek, 2 miles south- = rr | fl ly 
degen Connie s/ sooty: sopra Poco) SEY) lee secede Neer aaellee {8 Jo 
Frank Baskin ......... Avondale, 1; milessouth- |..... 299 ASEM |B rrs an Eee Hee oncerarel| toe ete | 1 

west from. 
Cas bin) Cypser Avondale, 400 yards from.}..... 23) I|Lon nae TO) WSS Nee eewice al ats 
| | 
Geos Burgiss)--. 2-2-1 AW ONG ales. 2852 hes ce cccleees QBOW ese | were a =' MX, lIneiscie sic haere line 1 | 
Ciialoneyssesee ener Haslef, + mile north of ...|..... OF OM OA Dy [eer es ae Pestle vinta Ast 
eee Glo bOM ss ee-= see Haslet, 1 mile south of --.|..... ASO) eeo2 Onl mr sey |l\l me ceteris 1 
W.V.S. Allen, reports.| Haslet, 3 miles southeast | 800 | 480] 480) 440] x |....-..|.-. I< 
of. 
Sense eee ese eia soc 1G) GRASSES e Ragecod CBbee ek 01 | Gece DEbess Secaea Besse (ae 
Repnetersietstctanlo ois siete vee iea| exer as CO ree tSaSmaaanecnadca socca | 8.0. Ge Acad] Geecas laeeace ae ceeee Mee oe 
SHISEN G56 codecwodeged Crowley, 7 miles south- |..... ABO) | BO || 2RO S< Esseeselseeso- il || 
west of. 
MMeltzi oe aas cela Crowley, 5 miles west of..]....- i3t3) 4) NSH (4) elec aso 0 Meerut do act TS 
WesNRI GGL espe eeme saa s-tac OM aemaee eee ce eae eer SOI |F -2820 ee jee TS beac lace ba 1 
IU; BADIEOMN. saeascoceseos Crowley, 3 miles north- |..... AB | ADB Neseeeall 82) lleebesen Nee fal 
west of. 
Hays Brose msseccnee as: Growileyiin. oi sie so452 cease Reese ASGulee4oon|Se erent SOILS ee il 
Win Sein Celive saa .s:.% Crowley, 2miles from, 124 |..... ARAM IESE eye |e cae BE OM coaaheciace aaa e< 
south of Fort Worth. | 
Cr H:/Silimore.: 2... - Fort Worth, } mile west of.|..... 300 0) SBS e 100) WeAsazaselcadissal Le 
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Schedule of wells in Tarrant County, Texas—Continued. 


ARTESIAN WELLS FROM THE PALUXY RESERVOIR—Continued. 


S 
elon slp esta ame 
Bell fe |e || os = elie I 
Owner. Location. = +S = xe Calor leak 
Me = Sc ae a akan ||P earecem Res al kcse et if 
a= We y ° 5 | | | 80 
eS S o os w 2 slo|/5 |e 
<4 a i=) fe) (a=) & Ieialeis 
—|—|— 
Feet. | Feet. | Feet. 
WA. McLean s.-. 22... : Fort Worth, 6 miles north |...-. 3000) alo | aeeees Sat || eet (ees l1|x 
of, 14 miles from Sagi- | 
naw, 6 wells or more. | 
Vivato Cnlllvabol eo a ssncse NOM OMIM scdansascancas| acess Bi Bhe Palsy | BPA Sco IS eae eee bo eee 
oie seca seicees Bate ael5ee58 GO iis rosie e tcte atec aie pall eee PAGE es Sm | Pee 8 ae |e eee bene |S |. as 
DAC WAIMS 15 sericea MortiWorths.-oo-cest aeons ee aR ee ciel on. cec eerste ees oes pe ee = 
J aseuUte bins sees - Fort Worth, east of... 2.--2|2..-: 270 28/4 seas | X |----22e)--- ae {3 i. 
vu. W. Aldermam:= =. -5-. Fort Worth,} milesouth of |..... 360/250) |e Sd belles gale |e SSIES 
Bae es 520 | 
AHS. Ea ao he eee, Soke fFor t W orth,3 miles south- to 3644/2224] SA |b ee ea | a < al - 
\ east of. 599 | 
shh thseansosscesa Fort Worth, 43 miles ]..... B88 lh acral cee ee ee x el it We 
northeast of. | 
W.C. Henderson.....-.! Fort Worth, 6milesnorth- |..... CO BY Ieee SC a |eeecie= c}1-1= eae pil 
east of. ane hs 
J.M. Popplewell-.-..-. Birdville, 300 yards west |..... 398 15 | 350 Se |lsae cee! RSs | ><] de 
of. | 
L. M. Barkley.-......--.| Birdville, } mile from....|..... 420 | 3373)..-.-.| ve) | se ae PErecel| coats Lat EB 
J. Henderson =.=. 2. ..<- Birdville, 1 mile northof.)..... 486 605 |Saeeee SC aiemchec (eee 1 2 
M.F. Akins..... §omees Si Birdyille, 1 mile south of.|..... Bye tae oN aeoricl aeoase x #| Teer 
1 PSPOwelll esse see ase Enon, 1 mile west of -....|....- 430) eet208 sees ie \ ete Bel oe ee ih 
BR Walghancs eases | Enon, 1 mile from....---..|....- 485| 474 )|.....- Hees \ Bemis = bs 1 
Ap DEI GR Abas caare as etees Enon, 3 miles northeast of-)..... 460 | 445 12 BG Nae ee AE oe |e 
J. M. Handley .....-.-- Eland ey sce sern eee 592 |. 510 | 490 |...--- S24 ‘Pre eye (ee es 1 | 
Wises Credo ee seat je beens GO). cos cle aatetase ate See DLO wed S0ille sees a Sy ee 1 |--- 
dadiy SCO. a2 osdpaee bel Oak Grove,3 miles north |..... 4498 420) eee yal Ce ees Mage Eas 4|x 
of. 
GaW a Lyericseesnceena. Oak Grove, 1 milesouth of.]..... BOO} 4600)" A85u cy oes cen 3 1 % 
IB eS S110 Oke meee ie Fort Worth, 12 miles ]..... | ops] Gal) GRA Oe ese eeecl oes 1 
southeast of, east side | | 
Village Creek. | | 
Sa Clarkes ese Randol, 3 miles south- |..... ii 420 ile=400) eee eee x 1... 
west of. | 
r fRandol, + mile southwest : 515 ; 
TEEN CX tierce eee of. 500 | 525 | 505 | 590 |fr-- De : ae 
J. Henderson .........- Randol, } mile north of..}..... 505, 30: Seclateek = x UH 
John Morrow)... 2222 Randol, 1 mile northeast |..... 546 DD) by)" ecers) Seoeece Gna bee AN 
|eOrs | \« | 
G.-AS Drippet? a --.ssses Bedford, 2 miles south of-] 550 | 603 560 |......|....-- x lee 
| 
JD WJ ONC on eeee eee Dove, 1} miles north of.-..]...-. 576 602s esa en eee 1 |- = 
WELLS FROM THE TRINITY RESERVOIR. 
; | | 
Ee INe GrigsD yen. sees | Azle post-office ........... 750 | 279 AQi| Mele? |ease=c) OS afecefess 1 
PackingiCos= assesses Marine, 3 miles north of..)..... 1,200 | 147 { ra \ Sais oA ba Bel AEM 
Brewery well 
Natatoriumneseeeeees- | 
Tucker Till swell ae ea Re wetreee ee mies so cists sencsteiwiell eaters 4-000'seeeee WReceselshcod paaccod bee bec Bac bos 
Other wells, 13in num- || if 950}. 
ber. J SORE OL DO S005 SESE R OT SSO SO SIN 2008 \1,400 t seeee Pes | eal aD is = 
Arlington Inn.......-. | Fort Worth, 3 miles west |..... 1 A00Neceee oeeee| Raeoes Genesee San eae 
of. 
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ARTESIAN WELLS OF THE WOODBINE SYSTEM. 


A few shallow flowing wells and many nonflowing wells are found 
in the eastern part of Tarrant County. They derive their supplies 
from two or more reservoirs of the Woodbine formation. 

The Woodbine formation has an extensive catchment area in the 
eastern part of Parker County, as shown upon the map (Pl. LX XJ). 
These wells are found within the eastern margin of the Eastern Cross 
Timbers and the western part of the Eagle Ford Prairie, which extends 
into eastern Tarrant County from Dallas County. They are all of 
the same general geologic character, the material penetrated consist- 
ing solely of the black shale clays and sands of the basement portion 
of the Eagle Ford and Woodbine formations and the intercalated 
water-bearing sand strata of the latter. There are usually several 
conspicuous water reservoirs separated by only a few feet of black 
clay. (See Pl. LXI, Gand H, and Pl. LXII, 7-7.) Some of these 
wells will now be described, beginning near Mansfield, in the southeast 
corner of the county. 

Mr. B. T. Ramsey, mayor of Mansfield, states that they have about 
fifty artesian wells in that town, ranging from 130 to 210 feet in depth. 
These wells strike two principal reservoirs (x” and x*) which are 
about 100 feet apart, the water from the latter being considered the 
best, as it is less charged with mineral impurities and is soft and cool. 
The following section of a well drilled by Mr. B. S. Shook, well 
driller, 1 mile west of Mansfield, shows the character of the strata 
passed through (see Pl. LXII, /): 


Section No. 96.—SEcTION OF WELL | MILE WEST OF MANSFIELD, FURNISHED By B. S. 
SHOOK, WELL DRILLER. 


Thickness. Depth. 


| Feet. | Feet. 
Dy JBIMO Cl led sod cchiec Rete Ge Ae ee ae renee errs eee | 78 78 
A mVVbeEsam Cy (WiaeT) meee cs aa See Saree Oe wT | 10 | 88 
jee luerclavmwnumelnancdallay ers ss saa aoe ei erase ae | 77 165 
Zam ilnitersamcdu(gvaten)\ma snes fk oe else lees csesee sees 35 200 
le JBM, GER ose lee ae re ee eae Nr ee 5 205 


Another correspondent, Mr. J. H. Pinson, well driller, reports upon 
these wells as follows: ‘‘ There are about 60 drilled wells in the town 
of Mansfield. Three of these flow from 3 to 6 gallons per minute. 
Others are near the creek. The depth of the wells in the town ranges 
from 120 to 190 feet. One of the wells furnishes 4,000 gallons per 
hour, with the pump pipe only 30 feet deep. The water stands within 
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3 feet of the surface when not in use. This will give some idea as to 
the amount of water the wells here will furnish.” 

There are many wells of this character throughout the region 
bounded on the north by the Trinity River and on the west by a line 
drawn through Arlington and Mansfield, though flowing wells are found 
only in the creek valleys below an altitude of 550 feet. Flowing 
wells of this character are found northeast of Britton, along Low 
Branch, Fish Creek, Johnson Creek, and other valleys in the extreme 
eastern portion of the county. In the town of Arlington (see Pl. 
LXI, //) there are many nonflowing wells from the Woodbine res- 
ervoirs to a depth of 200 feet. Flowing wells should be found north 
of the Trinity, near Enless, and in the valley of Bear Creek, but we 
have few reports from this portion of the county. At Grapevine the 
Woodbine reservoirs lie from 200 to 400 feet below the surface, and 
do not furnish flowing water. 

These Woodbine wells in eastern Tarrant and Johnson counties 
mark the beginning of an extensive artesian district, which has its 
greatest development in Dallas, Ellis, and Navarro counties, situated 
to the east, and to be described later. 


WELLS FROM THE PALUXY RESERVOIR. 


There are numerous artesian wells in Tarrant County deriving their 
waters from the Paluxy reservoir. Some of these are flowing, but 
most of them have to be pumped. The Paluxy water is obtained at 
depths of less than 100 feet along the valley of the Clear Fork of 
Trinity River, approximately east and west across the county, and near 
Bear Creek post-office; at 242 feet about 2 miles west of Fort Worth; 
at 250 feet in the city of Fort Worth; at 546 feet at Hearst Lake, 
1 mile east of Randolph post-office and about 94 miles east of Fort 
Worth; and at about 850 feet in the same valley along the eastern line 
of the county. 

On the uplands or surface of the dip plains which form the exten- 
sive flat divides of the county the artesian waters do not flow at alti- 
tudes higher than 600 feet, and their depth increases from 285 feet at 
Avondale on the west to about 525 feet along the western border 
of the Eastern Cross Timbers, and 1,000 feet at the eastern margin of 
the county. The series of typical wells given on Pls. LXI and LXII 
will illustrate the character of the strata and the artesian reservoirs. 
The depth of these wells decreases to the westward with great regu- 
larity and uniformity relative to the surface formation. With one 
exception they all commence in horizons lower than the Woodbine 
formation. 

The deepest of the Paluxy wells reported is that of Mr. G. A. Trip- 
pett, 2 miles south of Bedford, which is 603 feet deep, reaching the 
upper Paluxy reservoir at 560 feet. This well, which begins in or at 
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the base of the Woodbine formation (see Pl. LXII, /’) penetrates the 
whole of the Washita and Fredericksburg divisions before reaching 
the upper Paluxy reservoir. 

Another well, at Dove post-office, in the northeast corner of the 
county, shows a similar geologic section, and is 576 feet deep. The 
wells at Rendon, 535 feet deep, and Randol (see Pl. LXII, /’), 546 
feet deep, also begin at the surface very near the boundary between 
the Upper and Lower Cretaceous formations. The well at Handley 
(510 feet deep) begins near the Main Street limestone, and penetrates 
all the underlying strata of the Washita and Fredericksburg divisions. 

The correspondents who report these wells all describe in their own 
peculiar style the various shell rocks, which are easily recognized by 
the geologist, and which are fully set forth in the portion of this 
paper devoted to geology. The wells near Crowley, Oak Grove, 
Enon, Birdville, and Keller all begin in the upper portion of the 
Lower Cretaceous and reach the artesian waters at depths of from 457 
to 500 feet. 

The following sections are typical of the wells in these portions of 
the county: 

Section No. 97.—SEcTION OF WELL AT KELLER, TARRANT County, TEXAS (ALTITUDE 
740 FEET). 


(See Pl. LXII, C.) 


| Thickness. Depth. 
Feet. Feet. 

10. Yellow clay (Fort Worth and Denison) -..-....-:-----:- 20 20 
9. Yellow limestone (Fort Worth and Denison) --....--.--- 30 50 
8. Brown soapstone (Fort Worth and Denison) -.--.-.------ 135 | 185 
(ea vibiteyimestones (Goodland!) eee = eeme ese nee scene a= 100 285 
@, IBilus sopjasiome (Wellobtn)) ocooodecansdduadocaeasenane Jose | 30 | 315 
i, Wivlontive Ibtonecivomne® (vei bouunn)) .2 oosk bb becca cosees se oeeen SEE 30 | 345 
Am Dluessoapstones (alm) seeea seers eee essere eno. 25 | 370 
Suashellirocks Guahnut) eee eee as see ee 22 | 392 
2. Brown sandstone (caving in) (Paluxy).......-..---.-.-- 2g 419 
ea Viliite sandstones (allure) pees aes seers coe e ao | 28 | 447 
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Section No. 98.—Secrion or JoHN A. WiIM’S WELL, 5 MILES SOUTHEAST OF ForT 
Wortn, Tarrant County, Texas (ALTITUDE 629 FEET). ReEpoRTED By F. A. 


ROESSLER. 
(See Pl. LXII, D.) 


| Thickness. Depth. 
Feet. Feet. 
Ss Mellow clay.s<25.42..o262.2 22 See ee ee eee 30 30 
8; Bluetsoapstones: 55... S252 ssc es 22 oe eee eee 2 32 
17 Wihitelime:rock =. 2.52 .-- 2.2.52 eee eee eee 49 81 
IG; Blue'soapstone {5 S222)! 2 oa.) 4e- en eee ee 24 105 
1d White lime Tock es. 20.3.5. eee eee eee Eee eee 40 145 
lid, “Brown soapstone. 12 02) )..ss oS aes ae ele eee eee 20 165 
13: Wery hardshell rock. _ 3.2.0. ee eene ae eee eee eee 2 167 
12. Brown soapstone, with hard streaks:—.-2-.------2----2-- 28 195 
ES Wihite limestone=: 2225.2 o.2h 2. ss eeoeee sae eee eee 95 290 
lO} Blue soapstone=2 22: 2.282. 2.- 22. eee ee eee eee eee 42 332 
9. Wihite limestone J 2c... 5.2 255555 Saas eee nee Ee eee 52 384 
8) Blue soapstone ses-6. 25 ees eae ee ene eee eee eee 5 “ 389 
ve White ilimestone-4 2.52 each aac aoe eee eee 34 423 
6: Blue}soapstones 2.22222 2h a2 sooo ee ee eee eee eee | 5 428 
Oh White slm estones- 6 eee as oe ee eee eee | 5 433 
4. Blue;soapstone. ... 2... 5.\-c<2 5 he eee eee eee Sees 7 440 
3) Shell rock: 2c. 222 = ccc secs eine ese eee eee eee eee 22 462 
2a Brownesangd ocks(p2))eeseesseee sees SE ee Oe eee 13 475 
lee Wihite: sand rocki(pt)*==se- ee sesace ee sec e ee Eee 14 489 


No casing. Water rises to 50 feet from surface, and will stand 
pumping 50 gallons per minute. 

The above is one of the very few accurate and intelligible logs of 
the wells which the writer has been able to obtain and which is readily 
comparable with the measured sections. 


Nos. 12-19 are the Denison formation: Feet. 
Noss 12vandsl3:are) the entonsbeds=s-e-- see eee ee eases eee ee 30 
Nos. 14, 15, and 16 are the equivalents of the Weno beds..........---.----- 84 
Now 7isithemMiain Street bedsiass oes -2 ecco eee e es eee eee ee 49 
Nos: 1Sand d9vequalithe Grayson) beds! e--ee. a. e ees. aoeee eee ee ee eee eee 32 

195 

No. 1l isthe Fort Worth and Duck Creek formations. -...........------.------- 95 

INOS LOMisht lew ererrranttaiea fio rer a1 1a eet eee ee 42 

Nos. 7, 8, and 9 are the Edwards formation, showing two subdivisions .....--.-- 91 

Nos. 3, 4, 5, and 6 are the Walnut formation, No. 3 (22 feet) bearing the typical 

(Cram olor MECH a «a sepoatococesedcosoonesconocuscdeodeer pancordosooosgeo: 39 

Nos: and 2aneithe Paluxy sand am" parteem ses seees eases aoe Le age ence 27 


As far back as 1890 over 242 artesian wells were reported by Roes- 
sler in the city of Fort Worth. A later estimate, made in 1897, places 
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the total number of wells of all kinds at from 150 to 160. A major- 
ity of these wells did flow originally and water rose in all of them. 
Only a few are now said to be flowing, as the artesian supply has 
been too much drawn upon. <A great number of steam pumps are 
used, drawing from 50 to 100 gallons per minute. Some of the low- 
lying wells rise a number of feet during each night, but lower during 
the day. All of the wells, with the exception of about 15, obtain 
their water from the Paluxy reservoir, which is penetrated about 353 
feet below the prairie level of the main portion of the city (the top of 
the Fort Worth limestone) and about 283 feet below the level of the 
Trinity River at Fort Worth, which is situated in the Duck Creek for- 
mation. ‘Two miles west of Fort Worth one of the earliest wells was 
reached at 242 feet. 

The well of Mr. W. J. Gilvin, corner of Fourth and Rusk streets 
(see Pl. LXII, B), is typical of the Paluxy wells in the main part 
of Fort Worth (altitude 600 feet) as distinguished from the shallower 
wells in the valley of the Trinity, where the altitude is less than 550 
feet. This well is 353 feet deep. The water rises to within 125 feet 
of the surface, or to an altitude of 425 feet above sea level. The well 
yields about 25,000 gallons of water in ten hours. The water is very 
clear and palatable. 

The section of Mr. Gilvin’s well also illustrates the strata passed 
through by these wells, which begin at the top of the Fort Worth lime- 
stone in the center of the city of Fort Worth. (See Pl. LXII, B.) 
The section of the well of R. H. King (PI. LXII, 4) illustrates one 
of the river valley wells in the same locality. The latter well passed 
through the following strata: 

Section No. 99.—SrEcrion oF WELL oF R. H. Kine, Forr Worrn, Tarranr County, 
TEXAS. 


(See Pl. LXII, A.) 


Thickness. | Depth. 

Feet. | Feet. 
% Clasy aime! gemmel (Gulkunmitien)) seeeodeece acoso sscsasseceencase 31 31 
(eee llowalumrestones (Ducks Creek) |= 322 ae eee eee eee 2 33 
@, eilae “cogjasinoae? (Gey Woeheioe)) = oes ccaacos sodas: oaaeee 45 78 
DAM itemlinaestome) (Bdiwanrds))= 222222 sn-ee ee see eee eae eso. 83 161 
Ame UemaSODSuOMe 42m Glaiy.) VViallmiutts) rem epee yea aerate 25 186 
Sonellsrock(Gryphiaa connigata, Walnut) 2e=2 255s. 555-25 =— 25 | 211 
Ph. IBSRO NMOL SENG LO) Nae SPS eS ya ens ee eee 27 238 
ime Goodswinitessands (jp) )\io2 saya. eee oe ee ee eee ee | 25 | 263 


Proceeding westward from Fort Worth, the Paluxy wells continue to 
shallow rapidly in the valleys but maintain their depths on the upland 
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dip plains to the western escarpment of the Grand Prairie, which 
follows close to the West Fork of the Trinity River, Mustang Creek, 
and the Clear Fork of the Trinity. The well of W. V. 8. Allen, 3 
miles southeast of Haslet, which is on the high prairie at an iii 
of over 800 feet, strikes the Paluxy water at a depth of 480 feet. This 
yater rises in his well to within 280 feet of the surface, or to an alti- 
tude of 520 feet above sea level. The highest eminence of the Grand 
Prairie in this portion of the county is 850 feet, or 300 feet above the 
valley of the Trinity along the same line of strike; this difference 
must be considered in drilling wells. 

On the high prairie at Avondale, in the extreme northwestern 
corner of the county, where the altitude is nearly 900 feet, the Paluxy 
reservoirs are situated nearly 300 feet below the surface. All the 
strata penetrated by the wells can be seen on the surface by descend- 
ing Indian Creek to the West Fork of Trinity River, which here flows 
through the outcropping Paluxy sands. In the southwestern portion 
of the county along Morris Creek, Silver Creek, Woods Branch, Dutch 
Branch, Bear Creek, and the Clear Fork of Trinity River, which are 
established upon levels much lower than the higher divides of the 
Grand Prairies, the Paluxy sands are reached at very slight depths. 
The well of Mr. Day, located on the divide between Bear Creek and 
Clear Fork, near Bear Creek post-office, secures the Paluxy water at 
170 feet. R.E. Russell, of Bear Creek, says that there are 200 wells in 
his vicinity, the water of which is found in a white sand stratum from 
10 to 40 feet in thickness. None of these wells flow, but they are of 

eatest value to the agricultural community. 

J. W. Conn, whose well is 2 miles southeast of Bear Creek post- 
office, obtains an excellent supply of water in the Paluxy reservoir at 
depths of from 102 to 118 feet. The water in this well rises 80 feet. 
He states that he has five or six wells of this kind on his ranch, vary- 
ing from 118 to 220 feet, according to the altitude of the surface. The 
supply seems to be inexhaustible by any ordinary means of pumping, 
such as windmills or other machinery which farmers and ranchmen use. 

The Paluxy sands in the reservoirs embedded beneath Tarrant 
County, as can be seen’ at their outcrop at Weatherford and from 
thence southeast to northwest of Cresson in Parker County, are always 
found beneath a breccia of Gryphawa corrugata, which is popularly 
called ‘*shell rock.” The upper portion of these sands, both at the 
surface outcrops and in the embed, is usually green or brown, contain- 
ing much more glauconite and pyrites than their lower portion, which 
is whiter. The upper portion, the p’ reservoir, should always be cased 
off, for the waters are impure and highly impregnated with mineral 
matter. The water from the whiter sands of the p' reservoir is, in 
nearly every instance, of excellent quality for domestic uses 
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ARTESIAN WELLS OF THE TRINITY RESERVOIRS. 


For many years Fort Worth was content with the artesian waters 
derived from the Paluxy sand, which, as we have stated, lay below 
the city at an average depth of from 250 to 350 feet above sea level. 
The possession of this water was a source of pride to the city, and the 
envy of the many towns competing with it in growth of population. 
It was not then known that below the Paluxy reservoir there lay still 
untapped at least two Trinity reservoirs from which stronger flowing 
wells might be obtained. These lower lying artesian reservoirs of 
the Fort Worth wells are the Trinity sands of the Trinity division, 
and are separated from the overlying Paluxy formation by the inter- 
vening limestones of the Glen Rose beds. Their depths, relation, 
and stratigraphy will be seen in the maps, sections, and profiles to be 
given. 

In addition to greater yolume and pressure, the waters from the 
lower or Trinity reservoirs possess the merit of being chemically 
purer and softer than that of the Paluxy. In the language of an 
enthusiastic resident, this water is ‘‘as clear as a diamond and as pure 
as the melted snow.” (See analysis in table opposite p. 448.) 

Accounts of the experiments on Tuckers Hill and of the well of the 
Packing Company north of Fort Worth will illustrate the nature and 
depths of the Trinity reservoir. It was not until after the city of 
Waco had secured wonderful flowing wells from the lower-lying 
Trinity reservoirs that Fort Worth wisely concluded to go deeper in 
order to ascertain if a stronger flow, greater pressure, and purer water 
could be obtained below the Paluxy reservoir. 

In February, 1890, the city council contracted for the sinking of an 
experimental well, to fully test the possibilities of the artesian-water 
supply for city use. (See Pl. LXI, ).) The experimental well was 
located at about the highest point in the city—the top of Tuckers Hill 
(altitude about 650 feet), about 52 feet above the Main street crossing 
of the Texas and Pacific tracks, about 42 feet above the court-house 
square, and about 125 feet above the Trinity River. This well was 
drilled, according to one correspondent, to a depth of 4,000 feet, but 
how far this statement can be relied upon the writer can not say. A 
letter from the contractor, while the well was in progress, mentions 
the fact that it was ‘*down to a depth of 3,250 feet.” 

Notwithstanding the great value of a record of a deep well of this 
character, no specimens or accurate logs have ever been obtainable, 
and the following remarks are made upon reports or observations 
which may not be minutely correct: 

The surface formation was the brown clay marls of the lower por- 
tion of the Denison beds, about 50 feet above the top of the Fort 
Worth limestone. The Paluxy reservoirs—the same from which the 
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shallower artesian wells of the city are obtained—were reached at 
300 feet (p’) and 425 feet (p').' At 895 feet a Trinity reservoir was 
reached, which may be called t*; below this, between 895 and 1,150 
(about 1,035 feet), another Trinity reservoir (t”) was encountered, and 
at 1,320 feet a third reservoir (t') was penetrated.” 

According to Mr. Marshall, the last flow was at 1,320 [or 1,120] feet, 
and measured 295,000 gallons in twenty-four hours; this was from 
water-bearing sand 39 feet in thickness. Then followed 100 feet of red 
shale or joint clay. At 1,420 feet slate was struck. From that point 
the formation ran very regularly in 24- to 30-foot bands of slate, then 
1 or 2 feet of hard sandy or grit belt, then shale, and so on to the bot- 
tom, 3,555 feet. There was no water, not even a seep. 

The water from the p’ reservoir rose to within 90 feet of the sur- 
face, or to an altitude of 560 feet; that from p* reservoir to within 70 
feet of the surface, or to an altitude of 570 feet; that from t® flowed 
out at the surface at the rate of 170 gallons a minute. This flow was 
cased off and the boring continued to a depth of 1,035 feet, when a flow 
of 200 gallons a minute (t”) was struck, which flowed with a pressure 
of 21 pounds to the square inch. This stream (t*) was in turn cased 
off and the work proceeded 92 feet farther, to a depth of 1,127 feet, 
when still another fine artesian reservoir (t') was pierced. This dis- 
charged at the surface 245 gallons a minute, with a pressure of 29 
pounds to the square inch. According to Mr. Marshall, all these 
flows could have been put together, when they would have discharged 
fully 500 gallons a minute, or 720,000 gallons a day, at a point 142 
feet above the Trinity River. This last flow from the t! reservoir was 
cased off and the boring was continued, for experimentation, 1,765 feet 
farther into the impervious underlying Carboniferous formations, or 
to a total depth of from 3,200 to 4,000 feet. 

This well passed from the Cretaceous into the Paleozoic at a depth 
of 1,420[1,1207] feet, and no water was found below 1,300 feet. When 
the well was at a depth of 3,250 feet Mr. Marshall wrote: ‘*‘ We are 
now in (and have been for 1,800 feet) a blue slate (clay shale), varied 
occasionally by hard white flinty seams and an occasional Jayer of sand 
rock from 1 to 4 feet thick. The temperature of the bottom of the 
well (as evidenced by the slush pumping) was 126°.” Some months 
later another correspondent wrote that the well had been abandoned at 
3,850 feet and that the temperature was then 140°. In the strata 
below the Cretaceous no water nor coal were encountered. All known 
information concerning this well is shown on Pl. LXI, 7. 

Although the utility of this well was impaired by casing of the waters, 
as a result of this experimental work the three Trinity reservoirs 


1 The depths and pressure of the waters as here given are from a letter from Mr. W. S. Marshall, the 
well contractor. 
’ There is some doubt whether this last figure should not be 1,120 feet. 
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were located below Fort Worth. The weakest flow from these raised 
water toa height of 40 feet and the strongest to a height of 61 feet 
above the highest point in the city. This discovery was quickly fol- 
lowed by further drilling of wells to these lower reservoirs, and there 
are some fifteen wells of this character in the vicinity of Fort Worth. 

The Texas Brewery, located 50 feet lower than Tuckers Hill, sank a 
well to the upper Trinity reservoir (t*?) and obtained a flow of upward 
of 240 gallons a minute, with a pressure which carries the water to 
the top of an immense building, 90 feet above the ground. 

The Chicago and Fort Worth Packing Company began a well at the 
packing house on the north side of Trinity River, one-half mile north 
of Marine post-office, 4 miles north of the Tuckers Hill well, which 
began in the same geologic horizon and went to a depth of 1,200 feet. 
When drilled through the Paluxy and t’ artesian reservoirs it was said 
by a former correspondent ‘*to be flowing at a rate of over 800,000 
gallons in twenty-four hours.” The lower or t' flow was reported as 
1,500,000 gallons in twenty-four hours. Concerning this well it was 
further added that ‘tthe Packing House well was undoubtedly flow- 
ing, after completion, more water in twenty-four hours than any other 
artesian well in the State of Texas by at least one-third.” 

The following report on this well, by Mr. Louis H. Blanke, chief 
engineer of the Chicago and Fort Worth Packing Company, shows 
that the above statements are exaggerated: 


This is an 8-inch well; was drilled about 1890; flowed 485 gallons per minute 
(698,400 gallons per day) when first drilled. It now flows 147 gallons per minute 
(211,680 per day). We work an air lift in it and get 545 gallons per minute (784,800 
gallons per day). The size of the pipe being increased, we could get more. The 
first water reservoir [p’] was 6% feet thick and 147 feet deep. The second reservoir 
[p'] is 22 feet thick and its water came within 20 feet of the surface, and the supply 
through a 53-inch casing is 326 gallons with air lift. This reservoir is struck at 226 
feet. The reservoir at 600 feet [t®?] is about 30 feet thick and its water comes within 
afew feet of the surface. It has never been exhausted witha deep well pump. The 
water from the 1,200-foot stratum [t'] flows out at the surface. It has greatly 
decreased in pressure in late years. The decrease in the flow of the 1,200-foot reser- 
voir was caused by the drilling of fourteen wells in the same reservoir within 3 miles 
of here. This strata was struck at about 960 or 1,000 feet. The temperature of the 
[t!] water is 78° F. 

An analysis of the waters of this well is given opposite p. 445. 

The Trinity reservoirs have hardly been touched in Tarrant County 
outside of Fort Worth except at Azle, in the northwest corner of the 
county, and at Arlington, some 14 miles east of Fort Worth. This 
reservoir, which is chiefly valuable to cities and industrial enterprises, 
has not been penetrated in the main artesian belt north of Cleburne 
except at Fort Worth, Cleburne, and Handley, although it is, no doubt, 
available at all the other numerous towns and cities in the intervening 
country, such as Dallas and Denton. The surface formation at Azle 
is very near the top of the Glen Rose or base of the Fredericksburg 
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division, and the well at that point isa shallow one, probably penetrat- 
ing to the upper Trinity waters at a depth of 280 feet. 

The well at Arlington, on the eastern edge of the Cross Timbers, 
about 1 mile from the Eagle Ford Prairie, is interesting chiefly because 
it gives a knowledge of the eastern extension of the Trinity reservoirs 
toward the city of Dallas. According to the postmaster at that village 
the artesian well penetrating the Trinity reservoir is 1,480 feet deep 
and discharges 30,000 gallons a day. The water is strongly impreg- 
nated with sulphur, magnesia, and other salts, which may come from 
any of the overlying reservoirs which the well penetrated. These in 
descending order are the two Woodbine reservoirs, 70 and 235 feet in 
depth, respectively, and the two Paluxy reservoirs, the depth of which 
is not stated, but which the writer estimates to be about 750 feet below 
the surface. The country around Arlington is abundantly supplied 
with artesian waters from the Woodbine reservoirs, as is further dis- 
cussed. 

It is to be regretted that but one analysis of the various waters of 
the Trinity reservoirs has been obtained (see p. 448). The lower 

raters, however, are clear, palatable, and sweet, and suitable for 
nearly every industrial and domestic use. 

The flow of the artesian wells of Tarrant County has greatly 
decreased in many localities. The flow of the packing company’s well 
at Fort Worth, the Natatorium well, and other deep Trinity wells ceased 
after the drilling of 15 or 16 wells within a small area. In fact, most 
of the wells which several years ago yielded large volumes of water at 
the surface now have to be pumped. ‘This decrease in flow of the deep 
Trinity wells is primarily due to the fact that too many outlets have 
been made to the reservoirs, although prolonged droughts have also 
played a part. 

The wells from the Paluxy reservoirs have also shown a similar 
decrease in pressure, probably due to the same causes. At Birdyille a 
well ceased to flow at the surface immediately upon the drilling of 
a second well on lower ground within half a mile distant. A percepti- 
ble lowering has been observable in all the wells of the Paluxy system 
in Fort Worth. One correspondent states that nearly all the wells 
have decreased from one-fourth to one-half in volume in the last five 
years in Tarrant, Dallas, and Ellis counties. Mr. 5. A. Hamlin, an 
intelligent well driller, observes that he has lived in Tarrant and Dal- 
las counties for the last six years, and while he thinks that the decrease 
in rainfall is one of the causes of the diminution in flow, another cause 
is that the water is tapped in so many places and so often on lower 
ground that the higher wells within half a mile distant are always 
affected. The decrease in flow may also be partially due to climatic 

‘auses. In the years preceding 1897 there was a period of slight 
rainfall throughcut Texas, which undoubtedly affected the quantity 
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of water stored in the artesian reservoirs, especially those of Tarrant 
County, which are situated so near to the catchment areas. It has been 
observed that the wells of the Paluxy system especially show a per- 
ceptible increase in pressure within seventy-two hours after a fall of 
rain upon the catchment area. At San Antonio there was an increase 
of pressure in the artesian wells and springs following a period of 
great rainfall in 1900. 
DENTON COUNTY. 

Denton County has an area of 972 square miles. The eastern half 
lies largely within the belt of the Eastern Cross Timbers and the Eagle 
Ford Prairie, while the western half lies within the summit region of 
the Grand Prairie. No topographic surveys have been made of any 
portion of this county except a narrow strip about 2 miles wide along 
its southern border, which is mapped upon the Fort Worth atlas sheet 
of the United States Geological Survey. 

The relief is very simple, however, and similar to that of the Fort 
Worth quadrangle north of the Trinity River and of the northwest 
quarter of the Dallas quadrangle. In general, this relief consists in 
the western half of the county of a gently sloping dip plain of the 
Grand Prairie, being a continuation of the slope which extends from 
the western summit of the latter in Wise County eastward across Den- 
ton to the western edge of the Eastern Cross Timbers. Within the 
Cross Timber area there are a few low iron-ore knobs, while in the 
eastern portion the highest relief feature is the White Rock scarp, 
which extends along the eastern border of the county. 

The drainage consists of the Elm Fork of Trinity River, which flows 
north and south through the eastern half of the county, and several 
tributaries which flow into it from the northwest with the slope of the 
Grand Prairie dip plain. These stream valleys are not deeply incised. 


GEOLOGY. 


The geologic features of the county are simple and coincide with the 
belts of country described. On the extreme east the White Rock scarp 
is composed of Austin chalk. Beneath this and underlying the Eagle 
Ford Prairie are the blue-black clays of the Fagle Ford formation, 
approximately 500 feet thick in this county. Succeeding this to the 
west and underlying the Eastern Cross Timber belt are the Woodbine 
sands, constituting the catchment area of the Woodbine artesian sys- 
tem, the details of which are fully explained in the portion of this 
report devoted to geology. This formation has a thickness of from 
300 to 450 feet in this county, increasing from south to north. Under- 
lying the Grand Prairie to the westward are the formations of the 
Washita and Fredericksburg divisions of the Comanche series, con- 
sisting at the surface almost entirely of the formations of the Washita 
division, and having an aggregate thickness in this county of about 
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400 to 500 feet. The rocks of the Fredericksburg division, which are 
encountered in all the artesian wells and which lie within 100 feet of 
the surface in the extreme western portion of the county, consist of 
the Goodland limestone and Walnut clays, described elsewhere. 

The entire county is underlain by the Paluxy and Trinity reservoirs 
and the eastern half by the Woodbine reservoir. The conditions for 
obtaining shallow artesian wells are favorable throughout the whole 
county, the depth increasing from west to east. It is impossible to give 
stratigraphic details of the Trinity and Paluxy reservoirs in Denton 
and Cooke counties. In the catchment areas to the west the Glen Rose 
limestone, which separates these reservoirs, does not occur, and the 
Paluxy and Trinity sands are amalgamated into one arenaceous forma- 
tion. It has been especially desirable to have good logs of the deep 
wells of these two counties in order to ascertain the nature of the 
strata of the Trinity division as embedded beneath them, but the writer 
has been unable to obtain the details of a single well of this character. 
That the Paluxy and Trinity reservoirs are differentiated beneath them, 
however, is well shown by the records of many of the wells, but it is 
impossible to give the details of these reservoirs. 


DEVELOPMENT. 


There are over 200 artesian wells in Denton County, derived mostly 
from the waters of the sands at the top of the Antlers formation, which 
correspond to the Paluxy reservoirs. These are so easily obtained 
throughout the Grand Prairie region, at depths varying from 150 to 
500 feet, that nearly every farmer possesses one or more. In the 
eastern half the wells obtained are from the Woodbine system, and are 
similar to those described in eastern Tarrant and Johnson counties. 
The writer has been unable to obtain a complete list of the wells, but 
has secured a sufficient number to illustrate their general distribution 
and character. 
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- Schedule of wells in Denton County, Texas. 
WELLS FROM THE WOODBINE RESERVOIR. 
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61, softand potable; 2, hard; 3, salty; 4, containssulphur; 5, containsiron; 6,containsoil; 7, contains 
lime; 8, contains soda; 9, contains alkali; 10, contains potash; 11, contains alum; 12, contains mag- 


nesia. 
cS. F. Vaughan reports 16 


additional flowing wells in vicinity of Drop. 
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Schedule of wells in Denton County, Texas—Continued. 


WELLS FROM PALUXY RESERVOIR—Continued. 
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WELLS FROM THE WOODBINE RESERVOIR. 


Like Johnson and Tarrant counties, much of Denton County lies 
within the catchment area of the Woodbine system and possesses a 
small strip of Eagle Ford Prairie to the east, beneath which its reser- 
voirs are embedded. No flowing wells have been reported, but the 
wells are valuable and beneficial to the farmers. Two distinct Wood- 
bine reservoirs are recognizable in most of the wells reported, and as 
usual the upper one (x*) is charged with mineral impurities, while the 
lower contains soft, palatable water. 
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J.W. Lane, well driller, Pilot Point, says: ‘‘ You strike the first 
reservoir in sandy formation from 6 to 8 feet deep, then from 20 to 
30 feet you strike the second reservoir, which will supply 15 to 20 
times the amount of first. As a rule the soft water all rises.” 

Mr. E. F. Bates, postmaster at Lloyd, writes as follows: 

There are no artesian wells or springs in this immediate vicinity, the nearest being 
at Denton, 10 miles west. There are three there that flow. Mr. J. A. Taff informed 
me that artesian water could be had here at a depth of 1,000 to 1,100 feet. Lloyd 
isin the east side of Denton County, halfway from north to south, and 8 miles from 
Eline, and in what we call the Lower [Eastern] Cross Timbers, and we have sand 
strata here that dip southeast. Parties 6 or 8 miles southeast of us have dug down 
from 300 to 400 feet and struck water, but the water will not rise to the top and 
flow. We believe if they will go down to the Upper [Western] Cross Timber sand 
stratum they can get a flow. 

Mr. J. M. Stover, who owns a well 300 yards northeast of Little 
Elm, says: ‘* We went about 6 feet in black soil, about 38 in clay, 64 
feet through slate to the main stratum of water; we struck a small 
quantity of water at about 40 feet, cut that off with casing; at 108 
feet found water that rose 65 feet. After we struck water we drilled 
18 feet in sandstone; the supply of water is so great that windmill has 
never lowered it.” 

Mr. C. J. Thomas of Lewisville, says: *‘ am interested in a company 
well in our business center, the total depth of which is 198 feet; does 
not flow, water rising above point reached, 168 feet. Depth of first 
water, 120 feet. No exact record of borings, but 30 feet soil and clay; 
about this depth surface water in drift, pebble, and shells; at 85 feet, 
hard surface water, clay, and what the laborers called ‘ putty’ (probably 
brick clay), shale, a little coal, and some sandstone.” 

Mr. J. N. Kealey, president of the Lewisville Water Company, gives 
the following information concerning the stratigraphy of its well, loca- 
ted within 100 yards of the post-office in Lewisville. The total depth 
is 192 feet; depth to first reservoir, 120 feet. At the immediate locality 
of this well the first 20 feet is through clay resting on a thin sheet of 
drift pebble and sea shells, in which is tolerably abundant surface 
water. Thence down to 120 feet was through variations of clay ** soap- 
stone,” slate rock, and occasionally some hard rock; at this point under 
some hard rock and in white sand was found the first soft rising water. 
Thence to 198 feet was through alternations similar to above and 
occasionally a substance the drillers called ‘* putty,” to white sand 
underlying some hard rock, probably sandstone. The water is in this 
white sand. Considerable lignite was in the borings. 

Furneaux Brothers, who own two wells 4 miles east of Trinity Mills, 
state: ‘‘One well is 468 feet in depth; depth to first reservoir, 415 to 
468 feet. The other well is 415 feet in depth; depth of first reservoir, 
390 feet. In drilling these wells we passed through slate all the way 
until we struck water, which was found in very fine white sand.” 
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Spencer Graham, of Roanoke, after giving an account of springs 
of the Cross Timbers, says: ‘‘ Below this horizon and not very deep 
(40 to 50 feet) is a very different water from the former. It is hard 
and often very good for drinking, but is sometimes charged with min- 
erals. There is still another water horizon beneath these timbers. It 
is the great artesian stratum that underlies the Grand Prairie [Trinity 
sands]. It can be reached here at about 600 to 900 feet, or 7 miles 
east of here, at Grapevine, at 1,000 feet.” 


WELLS FROM THE PALUXY RESERVOIR. 


Wells from the Paluxy reservoir are so common in Denton County 
west of the Cross Timbers that there is hardly a farm which does not 
possess one. These wells flow in the valleys, but are nonflowing on 
the divides in the western portion of the county. The formation 
reservoir dips to the east at about 40 feet per mile from the horizontal 
or 25 feet from the surface slope. Beginning on the west, where the 
wells are shallowest, the following notes may prove of interest: 

John Sprause, who owns three flowing wells 2 miles southwest from 
Drop, says that ‘‘ flowing artesian wells are very common in the western 
part of this county, ranging from 90 to 300 feet.” 

The postmaster at Drop says: ‘* Nearly or quite all the farmers of 
any consequence now have artesian wells with windmills attached. 
Some get flowing wells in the low valleys. ‘The depth varies from 150 
to 300 feet. East of us they have to go deeper; just west of usa 
few miles, shallower.” 

8. F. Vaughan, of Drop, says: ‘‘ There are 48 wells of the same kind 
in this locality, ranging in depth from 100 to 300 feet. Of these 16 
flow, all soft pure artesian water.” 

J. Burnett, who owns three flowing wells 2 miles northeast of Drop, 
says: ‘*The depth of our wells varies according to the distance and 
height aboye the level of the bed of Denton Creek, also the amount of 
water. I know of one well drilled exactly on the level of the top of 
the bank of Denton Creek that runs 30 gallons per minute.” 

Mr. $. A. Lobdell, of Drop, gives the following section of his well: 


Secrion No. 100.—Srecrion or weit or §. A. Losprit, Drop, DENton County, 
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The postmaster at Krum says: ‘‘Artesian water can be secured here 
at a depth of 300 to 350 feet anywhere within 5 miles of this place; 
quite a number of wells north and south of this place flow, but there 
are none west that flow.” 

Mr. G. B. Egan, who owns a flowing well 373 feet deep south from 
Krum, alleges that the drill on his place stopped in a bed of asphaltum. 

O. W. Myers, who has a well located in Ponder, says: ‘‘ The Paluxy 
reservoir was struck at 280 feet and continued 12 feet, it being fine 
and white in color. The wells within 5 miles of this place range from 
110 to 400 feet in depth, but farther west the water is struck nearer 
the top, and deeper in the eastern part of this county.” 

At Justin Mr. $8. L. Smith, well driller of Roanoke, drilled a well 
237 feet that flowed 414 gallons per minute. Other nonflowing wells 
are reported at depths of 320, 300, 280, 180, and 195 feet. A well 260 
feet in depth rises to within 10 feet of the surface. 

J. KE. Fitch, who owns a well one-half mile west of Justin, says: 
‘*My well did stand within 6 feet of top, and it could not be lowered 
with pump which would throw 15 gallons to the minute, until another 
well was drilled half mile east of my well and on lower ground, which 
flows 45 gallons per minute, and lowered mine 16 feet.” 

W. T. Dodson, who owns a flowing well 300 feet deep 14 miles 
northeast from Justin, gives the following record of strata passed 
through: 

Section No. 101.—Srcrion or wen or W. T. Dopson, 15 MILES NORTHEAST OF JUSTIN, 


Denton County. 
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J. R. Sullivan, who owns a flowing well 309 feet in depth in the town 
of Sanger, says: ‘‘There are not less than 20 to 30 flowing wells in 6 
miles of Sanger. First reservoir reached in my well at 265 feet and 
flowed out, which is not common. I stopped at second reservoir, 
thinking I had all the water I needed.” 

J. R. Phelps, of Sanger, says. ‘‘ We have here in Sanger some flow- 
ing artesian wells. They are all drilled about 300 feet. One is used 
for running mill and gin machinery and private use. The water is 
obtained in quicksand. By going about 100 feet deeper than the above 
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wells a much stronger flow of water is obtained. Wells are being put 
down all over this county.” 

The postmaster at Sanger says: ‘‘ Wells average 350 feet at this 
place. This part of country seems to be over a region of artesian 

yaters that are easily reached. West of this place from 3 to 5 miles 
there are 8 or 10 good artesian wells scattered over the county, not all 
the same kind of water.” 

A correspondent writes: ‘‘14 miles from Roanoke I have 4 artesian 
wells 460 feet in depth. The first water is 440 feet. The farther I 
went the more water I got. The well flows about 6 or 8 gallons a min- 
ute. West of my farm 2 miles wells will flow only on low places, but 
they will flow anywhere east of my place.” 

S. L. Smith, well driller, of Roanoke, says: ‘‘If a well is over 140 
feet deep we strike clay and shell rock to within 140 feet of water, and 
then we strike 40 or 45 feet of black shale or slate [Kiamitia]. Passing 
through this, we strike (always) a hard lime rock [Goodland and Wal- 
nut], which runs in this locality about 100 feet. We pass out of rock 
into pack sand, sometimes only 2 feet and again I have struck as much 
as 35 feet, and into the water sand. Between the beds of water sand 
we pass through a hard, tough substance which looks like fire clay.” 


Section No. 102.—Srcrion ar Roanoke, Denton Counry. 
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Mr. R. J. Wilson, manager of the Denton Cotton and Oil Mill Com- 
pany, 600 yards southeast of Denton post-office, says his well is 606 
feet deep and flows 40,000 gallons daily. 

Myers & Sons, well drillers, report a well drilled by them in Den- 
ton, for the Alliance Roller Mill Company. It 1s 620 feet in depth 
and flows 50,000 gallons in twenty-four hours. The first 520 feet 
penetrated in the sinking of this well was ‘* soapstone ” (clay) and lime 
rock; the balance was sand. 

At Bartonville the flowing wells are 394, 351, 486, and 417 feet in 
depth. 

Similar wells from the Paluxy flow (upper part of Antlers sand) 
could be obtained east of Denton at increasing depths, were it desira- 
ble. The farmers in that region find an abundance of water in the 
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Woodbine reservoirs, and there are no large towns or industrial insti- 
tutions which can afford the expense of deep wells. 


WELLS FROM THE TRINITY RESERVOIRS. 


It is regrettable that no logs of the deeper wells in Denton County 
have been kept in order to ascertain the exact nature of the Trinity 
embed. That there are several reservoirs in the Antlers sand lower 
than that corresponding to the Paluxy reservoir is attested by many 
of our reports. 

A well 1,176 feet deep has been reported from Bolivar, but no record 
is obtainable. J. R. Eidson, driller, Roanoke, says: 

If we do not obtain a flow in some places we go deeper, through pervious and 
impervious sand, for 60 feet. We have gone to a depth of 900 or 1,000 feet; anyway, 
we have to go some 400 or 500 feet below the first artesian stratum [x*??] to obtain 
any more water [p]. I have invariably found when you start west from here the 
water is shallower. I have drilled wells on a line west of here decreasing in depth 
all the way from 600 to 100 feet deep; 20 miles west the same water [p] is about 
100 feet deep; still farther west you will find this water from 20 to 40 feet deep, but 
it will not rise much. Ten miles east of here I sunk a well 850 feet before reaching 
the same water, but the same strata of rock are in all the wells. 


Mr. M. L. Howard has a flowing well 1} miles south from Stony. 
The Paluxy water is obtained at a depth of 95 feet and a lower Trinity 
water at 440 feet. Some wells in Denton, for instance, are nearly 800 
feet deep, and there we find at that depth as many as three distinct 
water reservoirs and they are stronger, that is, they flow more, the 
deeper they go. ‘The water is very soft and cold enough for drinking 
without ice. 

These few facts are sufficient to confirm the geologic evidence that 
Denton County is underlain by the deeper and perhaps better reser- 
voirs of the Trinity system, should their waters ever be needed. 


COOKE COUNTY. 


Cooke County has an area of about 928 square miles. This county 
is the most northern of the group comprising the main artesian belt 
and deriving their waters from the Paluxy and Trinity reservoirs. 
The upland topographic features of the county are very similar to 
those of Denton and Tarrant counties, consisting in the eastern third 
of the north and south belts of the Eastern Cross Timbers and in the 
western part of the gently sloping dip plains of the Grand Prairie, 
which have an altitude of about 1,100 feet in the northwestern portion 
of the county, decreasing to about 700 feet at Gainesville. No topo- 
graphic survey has been made of this county. 

The Red River Valley makes a deep incision into the general level 
of the Grand Prairie and Eastern Cross Timbers along the northern 
border of the county, cutting down about 250 feet below their level 
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and exposing the outcrop of the Paluxy formation along its valley 
west of a point north of Gainesville and far below the outcrop of the 
Woodbine reservoir, in the northeastern portion of the county. 


GEOLOGY. 


The geologic features of Cooke County are very simple. Along 
the eastern portion of the county the Woodbine formation constitutes 
the highest and latest of the Cretaceous strata. This is succeeded 
westward by the successive outcrops of the Washita and Fredericks- 
burg divisions. The Denison beds of the Washita division form a 
north-south belt of prairie running east of Gainesville. These have 
a thickness of about 300 
feet. From Gainesville 
westward the Fort Worth, 
Duck Creek, and Kiamitia 


| oy paces formations are the upland 
\ Hf 970 3 o p A 
| SE “its NY surtace of the Grand Prai 
| 3 Grane, — A rie. The streams in their 
od \ . . 
jh Wz ate headwater portions in the 
X 
NS western and southwestern 
1 Marysville + 4 Early ; 
part of the county cut down 
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through the foregoing for- 
mations successively into 
the Kiamitia clays, the 
Goodland limestone, and 
the Paluxy formation, as 
seen in the head of Blocker 
Creek. (See fig. 27.) The 
total thickness of the rocks 
of the Washita and Fred- 
gta engl Ty, eal aves ericksburg divisions in tnis 
Fic. 74.—Artesian map of Cooke County, Texas. Shaded por- county averages about 500 
tion indicates area where flowing wells may be obtained; f t 5 
@, flowing wells from Trinity reservoir; OC, nonflowing cor Z 
wells from Trinity reservoir; figures indicate depth of Cooke County, relative 


wellain feet, to its artesian conditions, 
may be divided into three districts: First, a belt along the Red River 
Valley in the northern portion of the county, established upon the 
upper part (Paluxy horizon) of the Antlers sands, in which, in order 
to procure flowing wells, the drills must penetrate to the lower or 
Trinity reservoir, commencing at the surface in the outcrop of the 
Goodland limestone or Paluxy sands; second, the area of the Grand 
Prairie south of a line drawn east and west through Early and north 
and south through Hemming, in which numerous shallow wells, vary- 
ing from 150 feet at the northwest to 500 feet at the southeast, may 
be obtained from the Paluxy reservoirs; third, the Eastern Cross 
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Timber district, along the eastern border of the county. This district 
lies within the catchment area of the Woodbine reservoir, and flowing 
wells from this source are hardly probable. To procure artesian wells 
in this district, one must penetrate to depths of 500 feet or more to 
reach the Paluxy reservoir, and even then flowing wells are hardly 
probable. Fortunately they are not necessary, inasmuch as surface 
wells are everywhere easily obtained in this sandy district. 

All of the county, except, perhaps, a small portion northwest of 
Belcher (see Pls. LX VI and LXIX), is underlain by the Antlers sands, 
which include at least two well-defined reservoirs corresponding to the 
Paluxy and Trinity systems southward. Jn the southwest quarter of 
the county wells are everywhere obtained from the upper or Paluxy 
reservoir at shallow depths, varying from 150 feet on the west to 350 
feet along the north and south course of the Elm Fork of Trinity 
River south of Gainesville. These wells will probably not flow at alti- 
tudes above 600 feet, and hence flowing wells are obtainable from this 
reservoir only in the valley of the Elm Fork of the Trinity and its 
tributaries in the vicinity of Hemming and Valley View, the limit of 
flow ceasing at some undetermined point about half way between 
Gainesville and the southern border of the county. 

Mr. R. N. Johnson, well driller, has given the following description 
of the artesian conditions of the upper portion of the Antlers sands, 
corresponding to the Paluxy reservoir in Cooke County: 


In Indian Territory just north of Marysville is a tract of country about 20 miles 
square in which the water is from 30 to 150 feet in depth, according to the lay of 
the country. The water seems to be all from the same water reservoir. The wells 
that I have drilled in this district were only to geta supply of water for ordinary farm 
use. I have never drilled to the lower water reservoir and never haye had a well to 
flow. There is but little solid rock in this district. The formation is soil, clay, and 
sand [pack sand] which is almost as hard as rock. The water never rises above where 
you strike it. This country is different on the prairie. Between Red River and Fish 
Creek the wells of this district range from 120 to 225 feet, and the formation is soil, 
clay, and rock [of the Fort Worth and Duck Creek formations], from 30 to 140 feet 
thick, then black slate, or soapstone, some call it [the Kiamitia formation], but it is 
very hard; more rock [the Goodland limestone], then 40 to 60 feet of [Paluxy] sand, 
then water, which neyer rises above itslevel. Near Fish Creek, on the north side, 
the water is shallow, and there are some good springs. 

North and south, and 2 or 3 miles west of Gainesville, there is a tract of prairie 
country where the water is from 225 to 300 feet deep and when drilled rises to within 
25 or 50 feet of the top of the ground. The formations are soil and yellow clay 20 to 30 
feet, then a pebbly stratum of rock [of Pleistocene age above the Cretaceous strata]; 
slate or hard black soapstone [Kiamitia formation] comes next, then lime rock, and 
just underneath the last rock [the Goodland limestone] is the water. I have been told 
by drillers in that country that there is a second water reseryoir not more than 50 
feet below the first, but the first reservoir supplies enough water for any ordinary 
use. 

Commencing 2 miles west of Gainesville and going 10 miles west, which is as far 
west as I have worked, the water is from 150 to 200 feet in depth, but it does not 
rise above where you strike it. The formation is pretty much the same as nearer 
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Gainesville. Ten miles south of Gainesville they get flowing wells at 300 to 350 feet, 
but I never haye worked in that part of the country. 

T have put down a number of wells in the east and southeast part of this county in 
the Eastern Cross Timbers, which is a sandy country. The water is from 40 to 100 
feet in depth. 


The whole county is also underlain by at least two lower reservoirs 
of the Antlers sands corresponding to the t' and t’ reservoirs of the 
southern counties, which at Gainesville are about 200 and 600 feet 
below the Paluxy reservoir. Wells from the lower of these reser- 
voirs will flow at all points below 700 feet in altitude. (See fig. 75.) 

The wells of only one locality in the county, at Gainesville, have 
penetrated to the lower-lying Trinity reservoir, which lies some 500 
to 600 feet lower than the Paluxy reservoir. Water from this source 
rises to an altitude of 700 feet, and flowing wells of this character 
could no doubt be obtained throughout a narrow belt of country adja- 
cent to the Big Elm Fork south of Gainesville, east of the Gulf, Colo- 


SEA LEVEL 


Licoo 


Fic. 75.—Wells at Gainesville, Texas. (For explanation of symbols see Pl. XVI, p. 110.) A, Gaines- 
ville Water Company; B, public well; C and D, Whaley Mill and Elevator Company; £, Gaines- 
ville Ice Company; #, Gainesville Oil Mill and Gin Company. 


rado and Santa Fe Railway, and west of the western border of the 
Eastern Cross Timbers. It is also probable that flowing wells may be 
obtained from this lower reservoir along the bottoms of Red River 
from north of Belcher to the eastern portion of the county. 


DEVELOPMENT. 


There are over a hundred shallow flowing and nonflowing artesian 
wells in the western and southern portion of the county west of the 
Eastern Cross Timbers which derive their waters from the upper or 
Paluxy reservoir of the Antlers sands. At one point only in the 
county have artesian wells been drilled into the lower-lying Trinity 
reservoir at the base of the Antlers sands. This was done at Gaines- 
ville, and the experiment there demonstrates beyond doubt that 
throughout the vast region of the Grand Prairie from Gainesville to 
Fort Worth the lower artesian flows are obtainable in case the neces- 
sities should demand them. The Paluxy reservoir is so prolific 
throughout this county, however, that only cities and towns wishing 


> 
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a greater volume of flow for municipal or industrial purposes need seek 


the Trinity reservoirs. 


Cooke County: 


Schedule of wells in Cooke County, Texas. 


SHALLOW WELLS FROM THE PALUXY RESERVOIR. 


The following is a list of artesian wells in 
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Me Hellmann! 3-22. ----- | Muenster, 3 miles southeast of ..... O47 melody Rem loaseas Iso0bd0 at Ih 
15 | 
HeViOunerseeeeere ase. Muenster; 3imilesiedst of----222224- iGby | IBO) | eseoee | to } ceace 1 | 
20 | 
elDGhnkiscqsssasassesaee | Hood, 4 miles northwest of.......-. 1S 7a | ee tere | rere Hill Segoe 1 | 
PAMELA Steere serrate Myra, + mile south of .............. | 220] 120) 200 lhe { : ri 
WaWabtudsonm=....--- Reed, 2 miles southwest of .......-.. RAL} Is ey (eee Sa EAE aL He 
Chim Glenbyeeeeeen cess. Reed, 2 miles east of DET Sees |henced | G0 eeseae 1 
Ue UeALROWiawemeeee sees: PRVCC Ci epem cer clseieeoiere wiepe Nene ee eee 244 | 146 200 CUM Besoee THe 
Le. Cartwrightss..-....- Reed, 1 mile southeast of........... Ps) |lecedas +240 |+100 |....-.. aus 
Gaba scones Coc cise Lindsay, 2} miles northwest of..... 150)||eeeene Mt Sekt eee it} 
Wm. Flusche ...-...... | Lindsay, 1 mile northwest of..-..... 190 | 110) 185 Oi Esmaae i |e 
Be Mossman)! =5--.5----- Lindsay, 2} miles from -............ LAG Seer bts,| eo aeto.e Nea Pat 1 |--- 
HaWOerwaldieeere sear Lindsay, 3 miles north of .......... XI Cad lessoell) &4  ledadoe { 5 I}. at 
x : fLindsay, 1 mile from post-office, on ee . ne if ain) 
H. Sandmann ......... mills \ 155 i haeesa Ba oases Y slp 
Gainesville, 2 miles west of ........ 216 PY OO OS Wosesec 1 
IR,IeG eK eS a eee Valley View, 100 feet southwest of | 270] 255 }......|. x |..-.-. able 
post-office, 
ORAS Heartla. eee. c 525 Valley View, 3} miles southeast of.| 269 250 |......)...-.. alalie 
WR. Eryer:--:-.-....-| Valley View,3milessoutheastof....| 320 | 292 )......|....-. ies 
FARMACO OTC meee y-.-c<,2 Valley View, 3 miles east of........ Sulit styl Reese eeaoee i Z \ x 
Mirsbeabody<-4---- == - Valley View, 3: miles east of....... Sool ena eceiscllcetoter: DS 
JOE AU ele Soaeeeseenee | Valley View, 3 miles from ........ ODA een eters (be Meee aso ds |nasie 
CHbnGaines essence. - | Hemming, 2 miles north of ........ See) |] PO Beoooclles sae { A \x 


ax = yes. 


61, soft and potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, contains 


lime; 8, contains soda; 9, contains alkali; 10, contains potash; 11, contains alum; 1 


magnesia. 


9 


contains 
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Schedule of wells in Cooke County, Teaxas—Continued. 
SHALLOW WELLS FROM THE PALUXY RESERVOIR--Continued. 


| 


2 WE a | 
3 5 re ee = a 
Owner. | Location. 2 Se = 7 | £, & 
= a = Pein dae aC =. is 
= | a Pee ears SAV ee eh | 
| o | 2 we > ee I ee |e: 
& 5 O ye | & | Se } Ss 
Feet. 
PSS GlZi a seetcrecicee ee es Hemming... 2es.c-so- pee enone 426 ieee 
DeNViclean Giemcecea econ sack clo EEE ae sre csenoccotreos. 426 { i I}. 
| | 
M. A.Stamper.......-. Bral 22.50. aun eee ee 300 | 200 { Pas er lone oe 
WELLS FROM THE TRINITY RESERVOIR. 
f 360 }) 
Wate acriillaiwatariCaue aGoaimestille 50) 2 | 
Gainesville Water Co..| Gainesville .........:..1.--2--.-..- $50 | 220 | 800 |f---=- | 1 
Public well,Gainesville}..... GOe scccSceeesenssee eee eee $50 | 250] 450 4 2 | Dex 
| | 05 Nie otal 
Whaley Mill and Ele- | gy [Resta lhe) tae |» oS Racer Na 9etf--" 
EK ee J | 480 | 240] 400]. 40 ]...... lee bese 
1 Off 
| | 350 | | 
Gainesville Ice Co.....|..... OO 5 32s in ae See eee 632 | 215 |, 440 | pegneel Ber eenal Rene 
620 | 
ainesville i i | 340 
Gainesville oe eal lt. ...do Lote eed Se see | 700 | 220 | 460 | 30 |...-.- | jo) (oe 
. } 670 | 
| 


Nearly all the artesian wells reported from Cooke County are within 
4 or 5 miles of the Big Elm Fork of Trinity River along an east-west 
belt in the center of the county from west of Muenster to Gainesville 
and from Gainesville southward toward Valley View and Hemming. 


WELLS OF THE PALUXY SYSTEM. 


All the wells of the county except the deep wells at Gainesville and 
possibly one well just south of Barlow are from the top of the Antlers 
sands, corresponding practically to the Paluxy reservoir, and all of 
the wells begin in the strata of the Washita division. 

The deepest well obtaining water from this reservoir (426 feet) is at 
Hemming, at the base of the Denison beds; the shallowest (90 feet) is 
near Muenster, near the base of the Kiamitia clays. At Gainesville 
the Paluxy reservoir lies about 350 feet below the top of the Fort 
Worth limestone. 

The following reports will show the general character of the wells. 
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Mr.-A. Ledford, who owns a flowing well 311 feet in depth 3 miles 
east of Valley View, gives the following record of strata passed 


through: 


Section No. 103.—SEcTION OF WELL oF A. LEDFORD, 3 MILES EAST OF VALLEY VIEW, 


CooKkE County, TEXAs. 


Thickness. | 
Feet. 

6. Clay (Duck Creekvand) HortaWionthy) Sessa = 2 --- <5. - acc ce 22 | 
5. Blue lime rock (Duck Creek and Fort Worth).........-.-- 178 | 
ee cletel@ecaiitiall nt eee 35 | 
Saoiteslimerrocks (Goodland) Beaseeeese sss s= 5 sono. 35 | 
2. Gray sand rock (upper part of Antlers or Paluxy reservoir) -. 32 | 
eVatersandi(Amtlers)\ss-see eee nee ens 82 9 | 


R. P. Head, who owns a well 270 feet in depth, located 100 feet 
southwest of the post-office at Valley View, says his well passed through 
principally soapstone and clay and a little shale just before striking 


water, which was found in white sand. 


J.J. Trew, of Reed, gives the following record of strata passed 


through in his well, which is 244 feet in depth. 


Secrion No. 104.—SeEcrion oF WELL oF J. J. TrREw, AT REED, Cooke County, Texas. 


| Thickness. Depth. 

| 

| Gee. Feet. 
6. Yellow clay (Duck Creek and Kiamitia).....-....-..----- 32 32 
5. Blue shale (Duck Creek and Kiamitia)...............-...- 58 90 
Am SoOldnlimve mocks (Goodland) seen epee mena anes sas. 30 120 
3. Layers of rock from 6 to 12 inches thick and layers of blue 

shalewheysame) thicknessta-s sete eee erase ees aS = 26 146 

2. Coarse white sand and water (Antlers) (p reservoir) ...--- 2 148 
1. Tough mucky clay shale and sand (Antlers) (p reservoir) . 96 244 
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F. Herr, who owns a well 182 feet deep 2 miles north from Muen- 
ster, gives the following section: 


Section No. 105.—SeEctTion OF WELL OF F. Herr, 2 MILES NORTH OF MUENSTER, COOKE 
County, TEXAs. 


| Thickness. | Depth. 
Feet. Feet. 

Wi Black soil. (Kiamitia)) 22-22 ascaeson eee ae eee 6 6 

10S Yellow clay, (Kaamitia)) 222s2-=--eeeeee eee eee eee eee 3 9 
9) duime rock (Kiamitia)). <= --ceeee eeeeeeee eee eee nee 5 9.5 
82 Claysrocky(Kaamitia). -..-/ncscoseeeee eee eee ee eee eee 2 11.5 
i Slatex(Riamitia). 2-8 222.2 oo eee eee eee ee eee 15 26.5 
63 Solidvlimetock<(Edwards))S-22ees>-ee oe eeeeeeeee eee eeee 30 56.5 
5. Slate: (Walnut) 2c. 22 2. cke eee cee eee ee eee eee 10 66.5 
4. Blue‘rock;\( Walnut)).... sj ssssecce see eee eee eee 15 81.5 
3.. Soapstone ((Walnut)).- ....2-.s.2 sc eases ee eee ee nee eee 92 173.5 
2. Bluejrock (Walnut). < 2s «.2 2 sneeiee ee oe eee 2 - 175.5 

1. Coarse water sand (Antlers) (p reservoir) .........------ | 6.5 182 


Mr. M. A. Stamper, who owns a well 500 feet in depth in the town 
of Era, Cooke County, gives the following information: 

Until recently our water came from surface wells about 20 feet deep, nearly all 
going dry during summer and fall unless very seasonable. Occasionally near the 
head of some of the shallows or ravines we found fine water 12 to 18 feet that was 
almost inexhaustible. For the last few years many wells have been drilled and an 
abundance of water secured by lifting it to the surface by means of windmills. 

After passing through the soil we strike a kind of joint clay and then a blue kind 
of rock or slaty substance that increases in hardness until it is a solid blue rock. 
Then we strike what we call a gray shale; then a kind of mixture of various quali- 
ties; then a black shale [Kiamitia formation]; then solid rock [Goodland limestone] 
about 40 to 50 feet; then black sand 5 to 20 feet, and then white sand, pack, or 
quicksand [p], with water at 200, 240, 275, and 300 feet in depth. 


WELLS FROM THE TRINITY RESERVOIR. 


Only in the city of Gainesville have wells been drilled to the more 
copious and stronger waters of the Trinity-reservoirs. Five or six 
deep wells are reported from this city, one of which, as reported by 
the mayor, furnishes 350,000 gallons of soft potable water a day. 
In drilling these wells (even although, as usual, no exact log of the 
strata was kept) this enterprising city has demonstrated the existence 
of the lower artesian reservoirs beneath all that portion of the Grand 
Prairie region north of Fort Worth, some 90 miles distant, and an area 
of over 1,000 square miles. 

As shown in fig. 75 (p. 590), it will be seen that the deepest of these 
wells penetrated 630 feet below the Paluxy reservoir into the Antlers 
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sands, and that no less than four distinct water reservoirs were opened, 
only the lowest of which had sufficient pressure to force the water to 
the surface. 

These reservoirs were found at approximately the following depths 
below the Paluxy reservoir: t*, 140 feet; t®, 220 feet; t?, 420 to 432 
feet; and t', 630 feet. 

Of these wells only two, that of the public well and the Gainesville 
Water Company, are complete in that they penetrate the deepest and 
best water reservoir at 850 feet from the surface. 

J. F. Myers & Son, well drillers, who drilled the well for the Gaines- 
ville Water Company (well No. 6, see fig. 75, A) could supply the 
writer with no other information than to state that ‘* the first 240 feet 
was ‘soapstone’ and shelly rocks of a limy nature [the Fort Worth, 
Duck Creek, Kiamitia, and Goodland formations] the balance was 
principally sand.” <A log of this ** balance,” which represents, with 
the exception of the log of the Denison well (see section No. 17, p. 197), 
all that is known of the nature of the embedded rocks of the Trinity 
division in north Texas, would be of greatest value to geologic 
knowledge. 

The mayor of Gainesville reports that the public well is located in 
the center of the city, is 850 feet deep, first water 250 feet, other 
waters 450 feet, and furnishes 350,000 gallons per day. 


DALLAS COUNTY. 


Dallas County has an area of 859 square miles, and is one of the most 
important agricultural counties in Texas. It also contains one of the 
four chief cities of the State, with a population of approximately 
50,000 inhabitants, and also several important smaller towns. 

The relief of the county consists of gently sloping or rolling dip 
plains constituting the fertile Black Prairies. The western portion 
consists of the Eagle Ford Prairies; the eastern half of the main Black 
Prairie country. The monotony of these plains is broken by the White 
Rock searp, extending north and south through the county just west of 
the longitude of Dallas, and the valley of Trinity River, which flows 
northeast and southwest across the prairie plains. The White Rock 
scarp, which is called *‘the mountains” in this portion of Texas, attains 
a maximum altitude of about 800 feet at Cedar Hill in the southwest 
portion, and its face or western slope has a maximum relief of about 
300 feet, overlooking the lower-iying Eagle Ford Prairie to the west. 
From the summit of the scarp the country gradually slopes south of 
east. The valley of the Trinity and its two principal forks, the Elm 
Fork from the north and the West Fork from the west, cuts through 
this escarpment at Dallas, where the river has an altitude of about 375 
feet above sea level, or 425 feet lower than the highest point above- 
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mentioned at Cedar Hill. This sluggish stream is bordered on either 
side by wide overflow lands and alluvial terraces. 

The geology of Dallas County is very simple (see Pl. LX VI), con- 
sisting of the following Upper Cretaceous formations: 

Taylor and Navarro formations, mostly marls; Austin chalk (the 
‘‘white” and ‘‘ blue” rock), 400 to 500 feet; the Eagle Ford shales, 
about 500 feet; the Woodbine formation, sands and shale, about 300 
feet. 

The outcrops of the last-named formation barely reach into the 
county, if at all, extending down the stream valleys from Tarrant 
County on the west. The formation is embedded beneath the whole 
county, however, its bottom being about 350 feet deep on the divides 
at the western edge of the county and probably 1,200 feet on the east, 
the dip being about 40 feet per mile. The Eagle Ford formation forms 
a wide belt embracing practically the western third of the county; the 
Austin chalk or white rock occupies most of the central portion, while 
the marls are found on the east. 

The county is underlain by reservoirs of the Woodbine, Paluxy, and 
Trinity artesian systems, the first of which alone has been exploited 
and this principally in the city of Dallas and west of the White Rock 
scarp. The Woodbine reservoirs consist of several strata of water- 
bearing sands, which for convenience are classified into two principal 
reservoirs, x” and x*. The uppermost of these (x*), which derives 
its waters from the sands allied to the Lewisville beds of the Wood- 
bine formation, consists of several thin beds of sand, the water 
being usually impregnated with sulphur and salt. This reservoir is 
encountered within 100 feet of the surface in the extreme western por- 
tion, at or about 466 feet below the surface at Dallas, 800 feet at 
Arnold, and probably from 1,200 to 1,400 feet below the surface at the 
western edge of the county. This reservoir should always be carefully 
cased off in drilling wells, for the waters will contaminate the purer and 
more potable supply which can be obtained a short distance below, in 
the x” reservoir, derived from the Paluxy sands. The latter (x*) con- 
sists of a purer and thicker sand bed, which lies about 125 feet below 
the x’ reservoir at Arlington, Tarrant County, just west of the Dallas 
County line; about 200 feet beneath the x* reservoir at Grand Prairie; 
about 330 feet beneath the x* waters at Dallas; about 400 feet at 
Orphans’ Home, so far as we are able to estimate from the data sup- 
plied us. This formation has an inclination of about 40 feet to the 
mile to the southeast across the county and furnishes a potable water 
of great value to the farming and industrial communities, although 
more highly charged with mineral matter than the waters of the Paluxy 
and Trinity systems. 

The Paluxy and Trinity reservoirs, which form the chief source of 
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TYPICAL WELLS OF DALLAS AND KAUFMAN COUNTIES, TEXAS. 


H, Forks of Trinity; J, Dallas; J, Lancaster; 


ncn: 4, Cedar Hill; 


Eagle Ford; F, Farmers Bra 


BD, 


D, 4 miles northwest of Cedar Hill ; 


C. Grand Prairie 


near Cedar Hill; 


ise day, 


A, Arlingto 


ell, Kaufman County. 


K, Orphans’ Home; L, Terr 
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artesian supply of Tarrant County to the west, have not as yet been 
exploited or utilized in Dallas County owing to their great depth, 
although they would be of inestimable value to the city of Dallas. 

The waters from the Woodbine reservoirs will rise to an altitude of 
500 feet in the western part of the county. At Arnold, 8 miles east 
of Dallas, they fail to quite reach the surface at 525 feet; at Ferris, 
Ellis County, just south of the Dallas County line, they flow to the 
surface at about 475 feet. The Paluxy reservoir would probably flow 
at points 100 feet higher than the Woodbine reservoir, or to an alti- 
tude of 600 feet, while the basement Trinity reservoir has sufticient 
pressure, it is estimated, to force the water to an altitude of 650 feet. 

West of the White Rock escarpment, in the valleys of the forks of 
the Trinity and the lateral creeks, such as Mountain Creek, in the 
southwestern portion of the county, Hackberry, Grapevine, and Den- 
ton creeks in the northwestern portion, and in the lower valley of the 
Trinity in which Dallas is situated, numerous artesian wells have 
been developed from the Woodbine reservoir. 

Few artesian experiments have been reported in the eastern part of 
Dallas County. We have reports of only two wells in this portion, at 
Buckner, Orphans Home, about 8 miles east of Dallas on the Texas 
and Pacific Railway, and at Lancaster, a little east of south of Dallas, 
on the Missouri, Kansas and Texas Railway. In all the following 
well statistics have been procured: 


Schedule of wells in Dallas County, Texas. 


WELLS FROM THE WOODBINE RESERVOIRS. 


| 5 Penten ll) austell se 
| let oo] 6m | Bes fof ae may 
rhe eee | Total (249) 23 | S58 lea |] 8 
Owner. Location. | depth. |s=a| 33 2 2|32 3 
| IASF OE | mel ar = 
2 pe | | [_ aa e 
| Feet. | Feet.| Feet. | 
c {Dallas, 18 miles west of; 4 mile east || a7) A : f 1 
JrAlspaughe es. 2 ===) 1 @E Chaka if LOS | Gtaylh Sahl} ea oases 4 
DOP Bee snc ces Dallas, 18 miles northwest of........ (W) \icceacal Segpacacoccs |----2- 
B Harrington..---.-*-- Estelle, ? mile from, on hill .-......-- 180 20 160 ‘SO eee | 1 
SoM. Williams = 225. --.- sEstelle (5 wells), 4; miles north off)(#) 120+ | | < (2) f 1 
i |\ east of. WG pau BS, al POS see as eases \ 8 
A Je WVLLAMS. eee - = - Estelle, } mile east of, 6 miles north 106% | 261/106) *40)|5-225 1 
| of line from F. D. Worth to Dallas. | 
SiG usc Keyeenaese ==. Estelle, 1 mile south-southeast of..... i631) NSB eceeoe |) BAY ieapooe ‘ 
DB ELALNISON. 45-22% Coppell, + mile southeast of ......-.-. aa, | G0) eesbce Basboe | Jooeeds 
| | 
fCoppell,2 mileseastand 4milesouth | o- ; or ee iif 1 
GaBBullock=-4...--2: \ Gis J 96 8 96, | slovetenet= | | 1 8 
; A 3 , } 1 
; mGahhe fFarmers’ Branch, 2; miles west of; f 95to || Wiel 
Barney Gibbs--..1------ \ Coppell, 14 miles south of (6 wells) .!| 130) |f---**]7>7777> lr 2s panel: | ity 
PAD AGeCOt esos eno. ' Grand Prairie, 11 miles west of.....-- 102 88 | 102) | 60 | Reicher a 
VaR Smith ee eee aesenee Grand Prairie, 3 miles south of.....-. ee it aocalneaass | webeee | <x | 1 
| 
Cray Varney 2 .<iicch: Grand Prairie, 44 miles south of....-.. 108 (33 RRA aeeosel <ul i 


a5a—ryes: 

b1, Soft and potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, contains 
lime; 8, contains soda; 9,contains alkali; 10, contains potash; 11, contains alum; 12, contains mag- 
nesia. 
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Schedule of wells in Dallas County, Texas—Continued. 


WELLS FROM THE WOODBINE RESERVOIRS—Continued. 


Owner. 


R. B. Jennings......... 


A.J. Colwell 
B. F. Millican 


GaTeMiversioe sce caste 
John Lucas... 2 ------- 


S. A. Storey 


J.P. Stockton 


W.H. Butler 


J.P. Jackson 


T. Flynn 
S. A. Hamlin (reports) . 


Mrs. Emma Wilson 
Wm. Bryant 


C. F. Barker 
Wome Bryaitiiqeeersiacer 


S. Q. Richardson 


Harve broseeseee eee 

J.G. Fleming 

Oak Cliff Water Com- 
pany. 

Lancaster Water Co ..- 

S. B. Marshall 


R.C. Buckner 


A. F. Hardie (reports)... 


on . 
Feprareiletr cial ouret | t=led |) ee 
Location. Total Ba 8) 3 3 of | ER =| 
depth. JoSe|/Sa/4S)62| & 
Feet. | Feet. | Feet. | 
Grand Prairie, 4 miles southeast of...| 196 L600) S196) | See ene lee eee. { i 
Grand Prairie, 3 miles east of......... LOS ied | eect leone oteyciass x : rl 
Farmers Branch, 4 milessouthwestof.| 180 SOM LOO) Eee eres x 1 
Sowers, 2 miles northwest of ......... 200 LG bul easeere BW eoeince 1 
HagcleRord sy. see sc eee eres Py eecocl ceeds peceed bercto.ccsscs 
Carrollton post-office ..-.-...-.....-..- 245 OM e24 on | ais ol Gam | 1 
Kit; d mileieastiot=s= sh essseremeseces 275 272) ses Pa ria 1 
{ 
Kit;1 mile westiof. 25-5 sose eae O36 bees eee kas \ ae 8 
Kit, 1 mile northeast of........-.--. Siad atic eee es } eae ee 1 
Farmer’s Branch, 200 yards north of..| 325 B00) |Seemes 10. eee 1 
Trinity Mills, 2miles east of ...-...... 875) Al ceseleleeee = B35) Berooe { : 
Letot, 1 mile northwest of............ 304 20: ReSO Me tae p= 9 
Cedar Hill, 3 miles west of; Dallas, 5 ix 210 | 
{ 19 miles southwest of. \ 246 | 170 { a8 Beast ze 1 
2 165 
Gedar Hill: . 2-22 - aceasta eee { 208 \ hoos'd||socoor! sciscr Sones esac. 5 
| Cedar Hill, 4miles northwest of...... 372 310 | 340 }...... * 4 
| Dallas, 19 miles southwest of Cedar yes les see eae eT aa one 1 
Hill. 
| Duncanville, 4 miles west of ......... 197 YES |lecossel hooded! x 1 
| Duncanville, 44 miles northwest of, PAY fella ae s| bearcel Ssasce x 1 
in Mountain Creek Valley. 
Dallas, 6 miles west-northwest of, 400 | o002|2eaneo|emen—e x 1 
on forks of Elm and West Fork. 
Dallas, 33 miles west of.........----.- Aig ere sterclhsteraeree|| rsreteie a x 1 
Dallas.zmileisouthiot=.-seeseeeeeeeee 718 6007 ee Bomcrcle 24 8 
Dallas, 1 mile east of station.......... 850 OO gael Sate orate x 1 
Lancaster’-0. 0S re ee | 1,057 | 850 {1,000 |...... x 1 
Orphan’s Home Sta., 2 miles south- 685 525 |..-... XK eweeee 3 
| east from. 
‘(eet 
| 3 
Orphans Home =. . -- ---ee eee seas 1, 230 SOO | Beers eT eae | 4 
=) 
| eee 
| Dallas Cotton Mill, at Dallas......... 3504 eeeaiesesss ee x 1 i 


WELLS POSSIBLY FROM PALUXY RESERVOIR. 


W.J. Borah 


The shallowest well reported by Mr. A. F. Hardie, well driller, 
located 18 miles northwest of Dallas, is only 70 feet deep. 


drilled by Mr. Hardie in 1879, and is said to be still flowing. 


It was 


The 


deepest well, from the Woodbine reservoir, is that at the Orphans’ 
Home, § miles east of Dallas, where the lowest (x*) reservoir of the 
Woodbine system was apparantly struck at 1,200 feet. 
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The stratigraphy of all the wells is very simple. West of the White 
Rock cliff the only material drilled through is the shale and clay of the 
Eagle Ford formation. This passes insensibly into the Woodbine 
formation, which is composed below of alternations of shale and thin 
beds of sand, the sand becoming thicker in descending series. East of 
the White Rock cliff and at Dallas the Austin chalk is found above 
this shale. At Dallas it is coated by the alluvium of the old Trinity 
River terraces. In the eastern part of the county the Taylor marl, 
commonly called ‘‘soapstone” and ‘‘joint clay” by the well drillers, 
occurs above the Austin chalk. This stratigraphy is well shown on 
PIS wxXvT: 

In the extreme western edge of the county wells are found at very 
shallow depths similar to those described as occurring in the eastern 
part of Tarrant County. 

R. B. Jennings, of Grand Prairie, says: ‘*‘ The water in the western 
part of Dallas County is obtained from about 50 to 300 feet, and all 
about the same water. Some veins are much stronger than others. 
Some wells flow about 14-inch stream, while others barely flow; others 
do not flow at all. The good wells are all in low places.” 

Concerning the stratigraphy, Mr. E. M. Atchley, of Grand Prai- 
rie, says: ‘‘ We first strike shale, then sand rock, then coarse sand. 
Then we get all of the water we ever get, and no one has gone 
through it.” 

S. M. Williams owns five artesian wells located about 44 miles north 
of east from Estelle. Four are about 120 feet deep. One on high 
ground is 183 feet deep. Four of these wells formerly flowed, but 
only two flow at present. He states that they passed through soil 
from 10 to 16 feet, and blue caleareous shale or rock balance of 
distance to gravel and water. The air dissolves the shale soon after 
exposure. 

P. D. Geeo, who owns a weil 102 feet deep, 15 miles west of Grand 
Prairie post-office, says: ‘* The first 38 feet was black dirt and yellow 
clay, then black slate and a little rock and gumbo, then the water.” 

J. H. Pinson, well driller, reports a well drilled by him in Dallas 
County, 2 miles east of Gertie, in Tarrant County, and says: ‘* This 
well is a little extraordinary, as, after passing through the shale, I 
drilled 45 feet of white soft sand rock and did not go through it. The 
farther I drilled in it the somoulaten the water flow became. The well is 
150 feet in depth and flows.” 

G. T. Bullock, who owns a flowing well 96 foee in depth, situ- 
ated about 2 rile east and one-half mile south of Coppell, says 
that in drilling his well the following material was passed through: 
Soil and dirt 8 feet, then shale about 80 feet, then hard sand rock to 
water. 
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There are a great many artesian wells in the valley of the Eim Fork 
and its tributary creeks in the northwestern portion of the county. 
All of these wells begin in the Eagle Ford shales. The following 
examples will illustrate their general character. 

Thomas Flynn owns a flowing well 304 feet in depth 1 mile north- 
west of Letot, in which the first (x*) reservoir was struck at 20 feet 
and the (x”) reservoir at 280 feet. Concerning this well he says: ‘‘After 
the first 20 feet the drill struck the shaly clay, which was 280 feet 
thick. The water leaves a sediment in the pan as black as coal tar.” 

S. A. Storey, who owns a well 236 feet in depth, 1 mile west of Kit, 
on level upland, black, sandy, or post-oak land, gives the following 
section: 


Section No. 106.—SeEcTioN oF wELL or 8. A. Storey, 1 MILE west or. Kit, DaALuas 
County, TEXAS. 


Thickness. Depth. 


-| 


Feet. .| “Feet. 
4, ‘Soils. ls 0c) SNR Se ee 38 | 38 
3.) Black ishialle S52 (niece acter an ope ee ee ete 62 | 100 
2. Gray clay tock: 22 hase see oe ee eee Oe 135 233 
1. (Sand t0ck:2 35 Sea Sea ee Bee eae ee ee ee eee 3 236 
ages this rock struck water in a bluish-looking sharp 
sand. 


J. P. Stockton, 1 mile northeast from Kit, says: ‘*The depth of 
well is 311 feet. In drilling this well went 30 feet through clay and 
sand; balance of the way through shale. We never struck water until 
311 feet had been reached. The water rose within 4 or 5 feet of top 
inten hours. The well has been drilled two years; water now stands 
within 8 or 10 feet of top. 

John Jackson, who owns a well 375 feet in depth, 2 miles east of 
Trinity Mills, says: ‘*The soil here is black waxy to the depth of 4 
or 5 feet, gradually turning to clay or yellow soapstone to depth of 
20 feet, when blue shale is reached which overlies hard shale. This 
shale is dark blue and very hard to depth of 300 feet, getting lighter, 
with some oil, before reaching water; water reached at depth of 373 
feet in pure sand.” 

G. F. Myers, postmaster at Carrollton, owns a flowing well 245 feet 
deep, and says the drill passed through black soil 8 feet, clay subsoil 
20 feet, soft shale 117 feet, and then pack sand with water. 

S. Q. Richardson owns a flowing well 500 feet deep on the fork of 
Elm Creek, 6 miles west-northwest of Dallas, which produces about 
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100,000 gallons of water daily. From his notes we make the follow- 
ing section of this well: 


Section No. 107.—Sercrion OF WELL or S. Q. RICHARDSON ON FORK OF ELM OREEK, 
6 MILES WEST-NORTHWEST OF Dauuas, TEXAS. 


| ‘Thickness. | Depth. 
Feet. | Feet. 

G. SOHl 66.25.56 be Oe See eee ee a na wo ea Re 25 25 
5, Meshes vas Looe. oe ae ee See eee Io | 275 | 300 
AMMA suber seit Ge (xe) eames er mee ee Ane ecb Sic ee ore lye hs 
ite f \ 165 465 
SO MOA Chyges a Cees tener Mee es Sos ks ee eeeeee 
D. lelnl ROG Roatan ceoostoduo Se seer eee Ane BESS ae See neree | 8+ 473 
Tl, Desdisreepiove ll (SN) 1s Geos eres ie ek ee eR es Mice 3x0) ¢ 503 


G. Gibbs says: *‘I have six flowing wells on 4,000 acres 13 miles 
south of Coppell. The wells are from 95 to 130 feet in depth.” It is 
probable that these wells all originate in reservoir x’. 

South of the Trinity the flowing wells are mostly obtained in the 
valley of Mountain Creek at altitudes below 500 feet, all beginning in 
the Eagle Ford formation. The following are typical wells of this 
section: 

S. A. Hamlin, well driller, reports a well drilled by him 3 miles west 
of Cedar Hill (see Pl. LXIII, 4) for W. L. Stephenson, and says: 
‘“*T find three distinct water reservoirs here, the upper of which will 
supply any kind of windmill pump. The strata are a soft, porous sand 
rock, and the water percolates through it; it is not a quicksand. The 
cuttings from the drill yield a beautiful white sand, sometimes of a 
yellow cast.” 

Mr. Hamlin also reports another well, 362 feet deep, drilled by him 
for A. J. Penn, 3 miles west of Cedar Hill, in what is known as Moun- 
tain Creek Valley. The depth of first reservoir was 170 feet; other 
reservoirs 210 and 218 feet. It isa flowing well; the water contains 
sulphur, soda, and magnesia. 

Mr. Hamlin reports still a third well drilled by him for Mrs. E. 
Wilson, 4 miles northwest of Cedar Hill, and says: 


This well was drilled at the foot of the ‘‘ Mountain”’ [White Rock scarp]. It pene- 
trates five reservoirs. I struck a lime rock in bottom of well [the Comanche series]. 
This lime rock continues downward some 400 to 500 feet to near the lower reservoirs 
[the Paluxy] or the Upper [Western] Cross Timber strata. This well would flow 
1}-inch pipe at the ground, but raised 30 inches would only fill an inch pipe; if the 
well was 8 feet lower it would fill a 2-inch pipe. I gained one-quarter of an inch of 
water by raising the drilling pipe even with each stratum and pumping them sepa- 
rately to open up the pores for the percolating water. The well is372 feet deep; depth 
of first reservoir, 310 feet; next reservoir, 340 feet. 


602 BLACK AND GRAND PRAIRIES, TEXAS. 


Harry Brothers, who own a flowing well 417 feet deep, 35 miles 
west of the city of Dallas, give the following information: ** Drilled 
through blue shale from the surface of ground to the artesian water. 
We came in contact with a few flat lime rock [Septar7a] in drilling, 
but found no water above; water in about 8 or 9 feet of water sand. 
Below this is hard rock.” 

In December, 1898, there were thirty-one flowing artesian wells in 
the city of Dallas. These wells all begin in or near the base of the 
Austin chalk and show a remarkable similarity of depth and flow. 

These wells at Dallas mostly receive their water from the lower of 
the Woodbine reservoirs, x”. According to Mr. A. Horton, of Dallas, 
this reservoir lies about 334 feet below the Upper Woodbine or x’ reser- ° 
voir in that city, which is usually struck at a depth of 466 feet. It is 
said that about 50 feet of sand is usually penetrated before the first 
flow of the x” reservoir is reached. 


List of artesian wells from Woodbine reservoir in the city of Dallas, Dallas County, Decem- 
ber, 1898. 


[Furnished by Mr. E. L. Dalton, assistant city engineer, Dallas.] 
No. of well. | Location. | Depth. 

dy Netto han County: Court-House==sees eee eee 800 
Pn ee eee Windsor Hotel it: 2s see eee eee eee 797 
Oe ee ee Sanger-Brotherss= =e est eee ee eee ree eee ee 797 
Nee ee ee ear News: Office: - 232 32,55 Sea a eee ee 797 
Dee een es Noxth: Texas; Bank “Buildinosssasese ese 795 
Gxee tesa ae Ihing Brothers: = 522225 = eee eee 802 
(Pree a SAaeartes Cockrell” Buildings. 32 eee eee 792 
S2de sae seca McLeod: Hotel -o. = See eee 793 
Qi eee oe Oriental Hotell cz i232 eee ene 798 
10jand)238ee=-=-- Young Men’s Christian Association. .......---- a8l6 
1 eae Sei Shae Natatorium): 2.5.2 2oS2 cee) So eee 790 
a PAR ea Sosa lee City Park. 24.2). ea ee eee 790 
1s eee aS Reople’s ice Company. asso =e eee ee eee 806 
‘Cottons Mills..22)5 222 S255 see eee eee 805 

14 eae os { i 
Meare (0 0 Eee ee ade eacccs 720 
WO en acheeee eee Packing House! 2.1.2.2. -¢c ees eps ee eee 792 
IGe Se ject Sandal. 2..Company2s-s5= ae eee eee 820 
ioe t eerie emp’ s):Brewery 5222-0 see eee ee eee 836 
IT tenet Gehan ss Dallasilice\Pactony..—- + see ee eee 837 
19)and!20) Sassen | ;OlSters, Sani tau M2 9/62 = ee a8d5 and 925 
2 Re er a | Dallas Brewery =... 2-22 dace. eee eee eee 790 
Ps Ae iS Dallas¥Mlectric’Company == =ss4-seseee sees 790 
23 sc cee eee | Dallas Water Works 2-2 -s5-s5 eee eee 800 


a Two wells. 
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List of artesian wells from Woodbine reservoir in the city of Dallas, Dallas County, Decem- 
ber, 1898—Continued. 


No. of wells. | Location. Depth. 
Darin 5 Se Se Mallaskhwatersworks- =e cee aee ee ee ee eee 825 
i); Bie Se Mee OPP P ERO EEE ca: 215 5< SeEE o eeeee 1, 000 
UD es ae ee (OeDS (CUNGt Spe es  e eE eaek eeienra n e 767 
Dike ae ere Ric 2 Sale ClO, yea ds GSE Re Ree See Eo caer S 767 
DO es Ss Aes eh oe Hume kam Warum ciry Se eee. oe sees eee eee 800 
OOS ee oe eee TBO (Decks tO e eRe ere Seat rey are 870 
OU ee ee Bos elispBlocks Ober pects see see eee eee 790 


Mr. Dalton, city engineer of Dallas, furnishes the following log of 
the Cotton Mill well in Dallas. The water in this well comes within 
25 feet of the surface, and by pumping the well furnished about 
200,000 gallons every day. The record is as follows: 

Section No. 108.—Loa or Datuas Corron Mitt ARTESIAN WELL av DALLAs. 


[Furnished by E. L, Dalton, assistant city engineer.] 


Thickness. Depth. 


| Feet. eet. 
bh Isbual enovel @kny (eillionpquinn) Soon coacaueaoseceoeSapecebeser | 10 | 10 
7G \ivaouies ibtonartrone (NDEI) ae ale 80 90 
Greblue shale (PagleMond)\\ee soe ek es ee ks 610 | 700 
5. Water sand (sulphur water) (Woodbine) -....----------- 5 705 
als (SEIN GIO IOIEE) 6 vee Goss coadg bee BODE eee eee 40 | 745 
ay Wout GRY Seaaccs cos atconcanae bee eee sea ae ae ae 10 | 755 
©, Spin Singin © yes. 50 See ee | 30 | 785 
ihe) Gea Gl (C22)\ Soo icles a ee 20 | 805 


Although the Paluxy reservoirs le about 600 feet beneath the lower 
Woodbine reservoir and the lowest of the several Trinity reservoirs lie 
about 500 feet below the Paluxy, we have no positive proof that either 
of these systems has been penetrated in Dallas County. One well, 
reported by Mr. Hardie, 957 feet in depth, in northwest Dallas County, 
may probably reach the Paluxy reservoir. If the well of the Dallas 
Cotton Mills is 1,300 feet deep, as reported by Mr. Hardie, it reaches 
within 100 feet of the Paluxy reservoir. The assistant city engineer 
of Dallas, however, gives the depth of this well at only 805 feet. 

There is no reason why these lower reservoirs should be sought in 
the county, as farmers can obtain sufficient water for their uses from 
the Woodbine reservoirs. But there is every reason why the city of 
Dallas should seek them. It is one of the three largest cities in Texas, 
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with a population of nearly 50,000 
= inhabitants, and has large manu- 
saga ee CS facturing interests. The Trinity 
; River, from which the city water- 
y Hi works are largely supplied (although 
. yj this supply is supplemented by 
3 si three Woodbine wells), is not one of 
H the purest streams imaginable. 
Below the city, at a depth of not 
i ef over 2,200 feet, lies the great Base- 
ment reservoir of the Trinity sys- 
tem, which if tapped would give to 
Dallas wells of far greater volume, 
purity, and pressure than those pos- 
sessed by any city in Texas or the 
United States, except, perhaps, 
Waco, and they would be fully 
equal to those of that city. “a! 

In fig. 76 an endeavor is made to 
show approximately the position of 
the Paluxy and Trinity reservoirs 
below Dallas and the character of 
the strata which must be passed 
through in reaching them. While 
the estimates of depths may vary 
within 100 feet or more, the essen- 
tial facts as shown in the diagrams 
are true. According to these esti- 
mates, the Paluxy reservoir, which 
is reached at Fort Worth at 300 feet, 
would be found at a depth of 1,300 
feet below Dallas, and the water 


Dallas 


alt. 420 


alt. 600. 


Arlington 


540. 


Handley 


alt. 


Fort Worth 
Tucker Hill 


Divergence 
'O Fe 7 feet germile 
“SEE Per Dile Ae 


Fic. 76.—Estimate of depths of undeveloped Paluxy and Trinity reservoirs at Dallas, Texas. 


¢ 
: would have a pressure 140 feet 
° greater than at Fort Worth, which 
x would cause it to flow freely at the 
° surface. The basement Trinity reser- 
: voir would be approximately at 
, 2,200 feet, and theoretically it would 
i havea pressure sufficient to raise the 
° water 200 feet above the Texas and 


Pacific station in the eastern portion 
of the city of Dallas. 
The additional strata to be pene- 
ER a eee trated beneath the horizon of the 
Woodbine reservoir of the present wells, which is about 800 feet deep, 


200 
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would be about 550 feet of the calcareous marls and limestones of the 
Washita division, as exposed in the cuts of the Texas and Pacific Rail- 
way between Fort Worth and Aledo, Parker County, to the Paluxy 
sands, 800 feet of which are penetrated by the Paluxy wells at Fort 
Worth. Below the Paluxy sands the Glen Rose limestones and marls, 
with several water reservoirs, would be passed, as in the deep wells at 
Fort Worth, except that as a whole the limestones would be thicker 
by the amount of eastward increment of the Glen Rose formation, 
which is about 200 feet thicker at Dallas than at Fort Worth. 

The president of the Oak Cliff Water Company says that in the two 
flowing wells, 850 feet deep, 1 mile east of Station A, *‘at about 200 feet 
sulphur water of good quality and fair quantity was found, and also a 
trace of petroleum at about the same depth.” If this statement is cor- 
rect the source of water mentioned must be near the middle of the 
Eagle Ford shale. 

On the summit of the White Rock Cliff and in the western part of 
Dallas County only a few wells have been drilled. Mr. Hamlin fur- 
nishes the following notes on a well drilled by him at Cedar Hill for 
William Bryant, which penetrated only to the upper or x* reservoir. 
(See Pl. LXIII, G.) 

The Cedar Hill well is on the highest point between Red River and Galveston, on 
the Gulf, Colorado and Santa Fe Railway, which is locally known as the White 
Rock Mountain, 320 feet above Dallas, and 350 feet higher than the Mountain Creek 
Valley. I find the strata east of the Cross Timbers dip toward the east and north- 
east. We drill through the white rock [Austin chalk], then the blue rock [Austin 
chalk], then enter the slate and shale formations [Eagle Ford], the same as in the 
valley. This well reaches the Upper Woodbine reservoir in 15 feet of water sand. 
I could have gotten two more by going some 75 or 100 feet farther. 


To the east of the White Rock Cliff, in the broad Black Prairie 
region of central and eastern Dallas County, only one flowing well is 
reported, and this is at Lancaster, where flowing water was obtained at 
a depth of 1,057 feet. The quantity of water is not enough, but it 
supplies a 2-inch flow, which is used by the Lancaster Water and Light 
Company. Lancaster (altitude 519 feet) is very near the limit of height 
to which the artesian water will rise. At the Orphans’ Home, near 
Arnold Station, which is located only about 50 feet higher, the water 
rises to within 60 feet of the surface. (See Pl. LXIII, A.) The 
well at this place, as reported by R. C. Buckner, is 1,270 feet deep 
and supplies 1,200 gallons per hour. The water is used in the steam 
boilers which run the machinery and electric lights of the institution. 
Dr. Buckner adds that the water contains soda, salt, sulphur, and 
iron, and is remarkably wholesome. This is the deepest and the most 
eastern well that is supposed to reach the Woodbine reservoir in 
Dallas County. 

The well at Ferris, Ellis County, just south of the Dallas County 
line, is 1,354 feet in depth. There is no reason why similar wells 
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should not be obtained at Garland, Mesquite, and throughout the east- 
ern portion of the county at slightly greater depths. 

In studying the well records of Dallas County it is apparent that 
many of them have been drilled without serious consideration of the 
geologic conditions. Many of them stopped in the first shallow flows 
of the x* reservoir, where the water is poor. The drilling of others 
was stopped just above the water reservoirs. The following section 
illustrates a well of this class. 

S. B. Marshall, who owns a well 685. feet deep, 2 miles southeast 
of Orphans’ Home Station, says: ‘*I have mislaid the drill notes, but 
remember that the log was as follows:” 


Secrion No. 109.—Srecrion of WELL OF S. B. MARSHALL, 2 MILES SOUTHEAST OF 
OrpHANS’ Home Sration, TEXAas. 


Thickness. Depth. 
Feet. Feet. 
7 S\0)) en ee eS ris Seas Soo beaSaaUS 8 - 8 
3, wellow joint ‘clay 2... 212284. .28 82 -Saeee ee eRe nee eae 20 | 28 
2 Black joint clay.;-< .3)222--25 sce eee eee eee 40 68 
ils Wihitesnock and shale to) bottom 2-5 es s-seneeeeeeere eee 617 685 


The well was a failure and is not used. It was stopped near the 
top of the Eagle Ford formation. If it had been drilled 600 feet 
farther, the Upper Woodbine reservoirs would have been reached, 
and if had been carried 700 feet farther the basement Woodbine (x) 
reservoir would have afforded an abundant supply. 

Concerning the shallower wells of the Mountain Creek Valley in 
the western part of the county in general, Mr. Hamlin says: ‘* Most 
of these wells fail, some inside of two years, for what cause I can not 
tell. Where the water circulates is a soft, porous sand rock, full of 
small holes, finer than a honeycomb. I have seen it blasted out.” 

Some of these wells are permanent, as attested by one in the north- 
western portion of the county, which, although only 60 feet deep, has 
been flowing some ten or fifteen years. 

We have no positive proof that any well in Dallas County has pene- 
trated to the Paluxy reservoir. Mr. W. J. Borah reports one well, 
16 miles northeast from Dallas, which is 975 feet deep. No record 
of the strata was preserved. If this well goes to the depth stated it 
probably reaches the Paluxy reservoir. 
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Ellis County has an area of 965 square miles, and is one of the 
richest and most fertile of the Black Prairie sub-province. The White 
Rock scarp passes through the extreme western portion and the surface 
slopes gradually from the summit of this to the eastward, consisting 
of gently rolling black prairie lands. Numerous creek valleys indent 
this sloping plain from northwest to southeast. 

The county is underlain by the Woodbine, Paluxy, and Trinity res- 
ervoirs, which at Waxahachie have depths of about 940, 1,600, and 
2,300 feet, respectively, The chief and most available sources of sup- 
ply in this county are the reservoirs of the Woodbine system, and 
these are readily obtainable at depths of from 500 feet at the western 
margin of the county to about 2,500 feet in the extreme eastern corner. 

Artesian development has been quite extensive, and good wells have 
been obtained in all the principal towns, such as Waxahachie, Italy, 
Ferris, and Palmer. So far as the writer has been able to ascertain, 
only two wells have been drilled below the Woodbine reservoirs into 
the strata of the Washita and Fredericksburg divisions, possibly to 
the Paluxy sand. These are the wells at Waxahachie, 1,700 feet deep, 
and at Milford, 1,900 feet deep. The wells all begin at the surface in 
the Eagle Ford formation, the Austin chalk, or the Taylor marls. The 
following data concerning the wells have been received: 

In the portion of the county west of the White Rock scarp, and in 
Chambers Creek Valley, wells are obtained at comparatively shallow 
depths, as shown by the following reports: 

J. T. Gaines, of Midlothian, has a well 150 feet deep, and states that 
there are forty or fifty wells in this locality, and that all yield good 
soft water. On the low lands the water flows. The surface is black, 
waxy soil for 3 to 10 feet, with clay foundation. The first water is 
struck in white sand below a hard cap or sand rock, which is 6 to 36 
inches. In some of the wells there seems to be three to four sand 
strata, and in others there is one. 

The postmaster at Midlothian says that the town owns an artesian 
well. 

A. F. Hardie, of Dallas, Dallas County, reports that his well is 
located in Ellis County and is 213 feet deep. He also says that 3 
miles west of Mountain Peak, Ellis County, there are five wells. 

Mr. A. J. Stone owns a flowing well 1 mile east of Britton. It is 
136 feet deep. This well begins in the base of the Eagle Ford clays 
and strikes three water reservoirs in the upper part of the Woodbine 
formation, at depths of 80, 102, and 130 feet. 
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The following is a section of his well: 


Sectioyv No. 110.—Srcrion or WELL oF A. J. STONE, 1 MILE EAst OF Brirron, Eviis 
County, TExas. 


Thickness. Depth. 


Feet. Feet. 

8: Black'soil (Hagle: Ford) 2223-32 eee= ee ee er eee eee 4 4 
7...Gravel |(Hagle: Ford)\@ 32 sesss08 - sh eteen eee a eeeeeeree 14 18 
65 Shaly.clay (Hagle}E ord) 2222s =-= ee eeee eee eee 62 80 
5. Thin sand, water bearing (Woodbine) -.............-.-.. 22 102 
4. Blue clay (Woodbine) \222—. 2s eeeeeee eee eee eee 

3. Sand! (Woodbine) =: 233s. see ee ees 28 130 
2. Clay, (Woodbine)\24 3. 222522=-2e eee noe ee eee 

LT. Sand (Woodbine) (): 222 tate. qo" ssc ee eee eee eee 6 136 


J. H. Pinson, well driller, reports a well drilled by him 14 miles 
southeast of Britton post-office. He says: 


The first flow was in 15 feet of soft white sand rock and raised the water to 17 
feet of surface; the second was in 40 feet of soft white sand rock; the third was in 5 
feet of soft white sand rock and brought the water within 10 feet of the surface. 
The well is 305 feet deep. 


Rollin Thomson, of Bee Creek, says: 

Every one in this county has one or the other sources of water supply. The list 
of artesian wells could be added to largely in this neighborhood. The artesian wells 
in this vicinity range from 200 to 350 feet in depth, and most of them flow, some 
much more copiously than others. 

Sides and Hartson report a flowing well 237 feet deep, drilled by 
them 1 mile northeast from Eyrie and 12 miles west from Waxahachie, 
in which they passed through soil 10 feet; clay, 35 feet; slaty shale, 
174 feet; cap rock, 3 feet; water-bearing sand, 15 feet. 

S. E. Hilburn has a flowing well 3 miles northwest from Boz and 9 
miles west of Waxahachie, which is 300 feet deep. He gives the 
following section: 

Section No. 111.—Secrion oF WELL or §. E. HiLBurn, 3 MILES NORTHWEST OF Boz 
AND 9 MILES WEst OF WAXAHACHIE, Evtis Country, Texas. 


Thickness. | Depth 
| 
Feet. Feet. 
3.. Black soil. os ose OSes ae horses ee ee 20 20 
2. Slate shale. 5. cae eeen- ee ores oc oe eee eee eee 260 280 
it 


Sand . oes. SOS Se ee ee oe eee ee See 20 300 
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WELLS OF ELLIS COUNTY, TEXAS. 


A, Waxahacnie; LB, Ferris; (C, Palmer. 
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Secrion No, 112.—SxEcTion oF WELL OF FRANK VAUGHAN, 18 MILES WEST oF WaAxXaA- 


HACHIE, DRILLED BY SIDES AND Hartson, Eviis County, Texas. 


| Thickness. | 


| Depth. 
% i 

IP ez eet. Feet. 
Oy SO sab gasdgnsbecseeed ene ene rge rs  aeee | 9 9 
dh, Gey) nine! CEN a See as ae ee eee ee rere ee | 21 30 
Semslatem (Baclewbiond) Mera yee ken a bee Se ee eee | 215 245 
Ds CbyD TRocle: (Bey orl) he oor sane ee eee eee 1.5 246. 
IRV Water-bearmessand (Woodbine) 2225-5 2--.-5-..-562-255-4 10 256. 5 


depth of about 900 feet. 


Along the meridian of Waxahachie flowing wells are obtained at 


reported as follows: 
Postmaster at Italy reports as follows: *‘We have one well here 
1,400 feet deep, but the water does not flow; have pump in well that 
furnishes plenty of water. Water comes in 10 feet of top of well.” 


Wells of this section and others have been 


Section No. 113.—SeEcrion oF WELL AT WAXAHACHIE, Eviis Counry, TrkxXAs, DRILLED 


BY R. H. DEARING. 


ils ts 
10. 


a 2g) 
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White limestone (Austin Chalk) 
Shale (Eagle Ford) 
Slate (Eagle Ford) 
Hard sand rock (Woodbine) 
Water sand (Woodbine) 
Red sand and shale (Woodbine) 
White lime rock (Woodbine) 


Thickness. 


Depth. 


landisandenockal( (Woodbine) meeseeeaeeeee esate ar ee c= 
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Section No. 114.—SEecTION OF FLOWING WELL AT WAXAHACHIE, Eviis County, 
Texas, By E. A. DuBosr, Mayor or WAXAHACHIE. 


(See Pl. LXIV, A.) 


Thickness. Depth. 
Feet. Feet. 

134 Residualsoil and’ graveli>- 2s ee Eee eee eee 26 26 
12) Wihite-linve rock (Austin) (3o55===eeeee eee eee 316 342 
1S Blue-shale\(Haglestord) Pe ss=s=eee= esse reese ee eee 346 688 
10-Sand rock (Woodbine) = ates etess seer r sete ee eee 75 763 
9. Water-bearing sand (Woodbine) ----.-.-.-.----- gota cee ee 9 772 
8: (Sand|irockiG@Wiood| bine) Seer e eee eee ee ae 100 872 
7, Suimre rock swatheat OSSi1 Se eae aera aren er eee 68 940 
6." Water-bearing sand =... oo) aamet ee ee eee eee aes 7 947 
Ser sand rocks withmwater sees ee ae eee eae ee 15 962 
4;° White limeivode e272 Nee eee eee ena ee 100 1, 062 
3. White lime rock, alternating with blue shale (Washita =I 

and Hrederieksburg)) Ses- see eee eee enero oeeee seer 165 1,227 
2. White limestone (Washita and Fredericksburg) --....---- 284 1, 511 
1. Blue limestone (Washita and Fredericksburg) -..-------- 10 1,521 


Flows of water were obtained at 772 feet and at 962 feet, supplying 
24,000 gallons a day. 

G. H. Cunningham’s well is located 3 miles east of Boz, and 6 miles 
southwest of Waxahachie. It is 700 feet deep. He gives the follow- 
ing section: 


Section No. 115.—SrcTion oF WELL oF G. H. CUNNINGHAM, 3 MILES EAST OF Boz 
AND 6 MILES SOUTHWEST OF WAXAHACHIE, Exviis County, Texas. 


| Thickness. | Depth. 


Feet. Feet. 
5) Limestone eve 2. sie ace eee nce eee eee | 285 285 
4 Clay shale ease secre scisels Seals om cee eee ee eee eee 50 335 
3. Soft, seamy shale and a few hard sand rocks of different 
thicknesses, from 4tinches#to 2) teetanseee ee ee ee ee eee 265 600 
2: Dark. hardéslatershalel s--e.2c 6-8. oe See ee ee ee 100 700 
il. \Water-bearing sand 2. i.e. 22.50 ed ee ie ee | een 


The well of Mutz & Cassidy, at Ferris, according to the postmaster, 
is ‘‘the only artesian well there.” First flow, 1,120 feet, about 360 
gallons an hour; second flow, 1,330 feet, 75 gallons per minute; a fine 
quality of water, ample to supply all needs of the town. Total depth, 
1,360 feet. 
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The following section is given: 
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Section No. 116.—SEcTION OF ARTESIAN WELL AT FERRIS, Eviis Country, By E. A. 


DuBose, Mayor or WAXAHACHIE. 


(See Pl. LXIV, B.) 


Thickness. Depth. 
Feet. Feet. 
ibe blackeresidualisoill(Maylon pessoas <2 ss escs as aerencle = 12 IW 
20. Yellow sandy clay subsoil (Taylor)-..-.-...---- See ee 20 32 
OMB uegsialex(Mayilon)Bacerere ce secs --- bose saes sca ccei 113 145 
18. White and blue limestone interspersed with pyrites 
(Gustin) ee ee caserisse epee cia ees - te acin actsitosecicee 555 700 
Hi ffome © Leusyen (WASUIS Hina) eateeratrerereeiete ioe ls oe cniciee a cs Saeed scutes 5 705 
Gye biivetshaler(Hagleshoxd) aemepeseen asec oc sese sec cecee 100 805 
ioe Coup orelana (HacleyHord)\jereese eee cases ceo 2 === 25 825 
14, Qon@kspyovel (rede lol) s-nocossou soos see aO SED SES eeEeee 50 875 
13. Blue shale and pyrites (Hagle Ford.)...--...------------ 100 975 
12, Cuma Okay (dha. Noel) 635 bo ee seco o Seo See ee eBeeeee 30 1, 005 
lee lieslimvestonel(Hagle Hor) Peeen= = secceecuec--- ese =. se 100 1, 105 
1, Welllony Geny Cipale IFOx6l)) sosoccasesoucdaqucessedeeseese 15 1, 120 
Om Sanderocks (Woodbine) meseeeeprerecieer aes see a oac es ee 21 1,141 
Su Grayellandisandy (Woodbine) aeeeeseceessoeesceee------ 25 1, 166 
(epllandesamdstonen (Woodbine) meee seesaseeaaeeese oa. 2 s- 25 1, 191 
GeeblueshaleyiWood bine) Saeseeereacne te acseccecc occa c- se 75 1, 266 
‘Om Clava Q\Vood bine) meres aaeesaer ester ee tea asia aaa=- see 20 1, 28 
al, Jalenxel Toeli< (\Worcllorin@)) 6525 5ocencacos aoe cbe Bone nBE eee 15 1, 301 
SUC AALes IMOOG ING) eemese em aaeee cree oecicccine << Saiss 15 Lol6 
Pe SAM Ae OOO DINE km Nery yas eee se ise a een seremicisie = 10 1, 326 
Je ehitersand swathiwaten | (VWoodlbine)pes-sseessescese- <1. 2 = 25) 1, 351 


well 1,178 feet deep. 


The Palmer Gin and Compress Company, of Palmer, owns a flowing 


Secrion No. 117.—SEcTION OF WELL AT PALMER, ELLIS County, DRILLED BY 


A. F. Wison. 


(Pl. LXIV, C.) 


Thickness, Depth. 
Feet. Feet. 
Ser coilsanctclaya (hay lon) saeeeseeeeee cates eee eres ser ose = sec. 245 245 
Zo Whats IiimaS see (VADEIO)) Locasccconsosoeqoedee seoueeeese 470 715 
Guisialen(HaclesHord)pssssemee eee cee coe ine ese ace 267 982 
oe iemnaris ¢baclephord))emspeereeet rece sacs cee teesaccs- 10 992 
Alter (hacle; Hor) pe emeser cma eeee ae or o sme as Sojse cece 100 1, 092 
Sa Bluemmanla@Baclewbiond)\paseeee nee eee ease sess oes. e 10 | 1, 102 
B, Seinel sori: (hie@ollaine)) .caocoeseauss coco SSeS BEC Dee eCOCeE 36 1, 138 
il, Wetter Geinol (Y/@OCL ONG) Sones ce cbousnse SeCee eee Beeeee ee 16 1, 154 
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A. F. Wilson, well driller, reports a flowing well 975 feet deep, 
drilled by him 1} miles west of Boyce and 5} miles east of Waxa- 
hachie; first water at 960 feet. He gives the following record of 
strata penetrated: 


Secrion No. 118.—SEcTION oF WELL 14 MILES WES? OF BoyCE AND 53 MILES EAST 
or WAXAHACHIF, ELtIs County, DRILLED By A. F. WItson. 


Thickness. Depth. 

Feet. Feet. 
8: ‘Soiltandclay.eeeer ce eraac = oon oe oo eee eee eee 50 50 
(2 WWihiteslimremrocks @Auistin))) 22 52.02 ee 492 542 
Glu Shalex(HaclepHord) sees see ces eee eee eee eee 278 820 
dy Bluejmanly(Hacleseord)) ise. =e eee eee ee 15 835 
4 Slate: (Hagle Mond) occa cates ee ae eee Eee 95 930 
3.eand: rocki(Wioodbine) a2 3242 ac. 42- ee eee eee 20 950 
2iWrater sandi@Woodbine)se.- 2.5. 225-252 ae eee eee eee 10 | 960 
i= Bluemanle(Wood bine) posse soe eee eee 15 | “975 


Secrion No. 119.—SkrcTION OF ARTESIAN WELL AT PALMER, TEXAS (ALTITUDE 471 FEET), 
FURNISHED BY KE. A. DuBosr, MAyor oF WAXAHACHIE, ELiis County, TEx as. 


(Pl. LXIV, C.) 


Feet. | Feet. 

is Black*soill(DRaydor) as 3 82 Sagat hale es oe eee | 12 12 
651 Clayeandisands (laylom) ae esse ae ee eee 20 32 
5; -Bluexshalen (Dayo) siete erie oe see eee eee 227 259 
4 Wihite lime irocks (Austin) ese eee eee eee eee eee eae 446 705 
3. Blue shale with pyrites, fossils, and concretions (Eagle 

Bordl)s (A ustmtientee adeseccec.s saoct eee eee eee ee eee 435 1, 140 
2: Sand ((Woodbine)=sseses--.-26 so ae | 20 | 1,150 


1. Water-bearing sand at 1,164 feet (Woodbine x*) .....----- 6. 1, 166 


HILL.] ARTESIAN CONDITIONS IN ELLIS COUNTY. 613 


A Schedule of wells in Ellis County, Texas. 
~ | 
+ = S 
te . a £ ¢ S 
; = £5 a g ig = g 
Owner. Location. o = > = on fe — 
Lo] ae - oe q ia Ss 
a Bie 5 Sahl resell ten aloes 
one a uhm al eerl| ie 
B A fe) A | ee ie 
Feet Feet. Feet | 
TISION ERE esas ees Britton, 1} miles east of.... 300 100 PN a ecieie { ; I No. 
Je Eien sOneeseaeeeer __-| Britton, 14 miles southeast 305 110 { a No 1 | No 
of. = 
PAMCTON eee ene ence Britton, 1 mile east of ..... | 136 80 if tee bee 1} No. 
Wie IPI BROW A 6 = coo assebs Auburn, 1 mile south of.... 196 Wy |esbesans| |Soeccs x 1 
Sides & Hartson ....... Eyrie, 1 mile northeast of -. PRY(elscuostes Hexsjetacietavel| ateinsrers x A ees 
W-GiClement, 322... o.. Eyrie, 2 miles southeast of - UV ho Sao nee Ranoseer baeees : if 
PAVE AIS Seem cer ccice Eyrie QAO) aes No Meee neicrecial |i oett | leaecicieral Caner 
PAB ernlierssapae asco Eryie post-office, 1 mile east 270 16 90!) |beeeee < 1 | No. 
of. | 
HaViauehaneesceeace. ac Beecreek post-office......-.- QB Ti teeters cies ere 227 | No.. S| eres 
AO aM Seperate cs oe Beecreek, 14 miles north- Dd erat) faa Saeiaeieralce sew x 1 
east of. | 
Je McCains aeaceeae ces Beecreek, 1 mile from...... 194 HIG Be aeraeel eaaes 4 | No. 
Mrs. A. E. Center....... Beecreek, 14 miles east of .. 218 ANOO  lacecousallanasce 1 | No 
Sa We enix: = e)-c.c cet Beecreek, 1 mile east of... 250 60 190) |Epeee-.- « 1 < 
Jeb Gain essseee- as. cee Midilothigmirerresrsccns- see 467 ABN beceeees | x NOEs 1 x 
JeHoRutledgecs.-sace. Wyatt, 1 mile southwest of. 200 +25 | +194 : No.. 1 No. 
JRONSNOULZ = pees eee ee Wyatt, i mile north of...... 280i peeeees | 250) || xX NOES 1 | No. 
GawillSony- uence see Wyatt, 1 mile north of ..... DODiM Daesicisios ce series 200 | No { 4 }yo. 
Prod ol OWEN Seaceasangaso WAG boob posdassendaseopespe 267 ANOS aeenee | So) io 1| No 
DARICC Hee see seb einee Wyatt, 14 miles northeast of DAD |looo3s0n0l|sco0egbellsanene No.. a ae 
J. T. Gaines, several | Midlothian, 5 miles north- 150 GON Beker: Verein x 1 C 
wells. west of. | 
Guyyilsone eee Midlothian ................ Mietovaeleese es loos os: Neg eto < 
Mires ZcD Nenu ir eee Midlothian Peak,3 miles OD sfSrllyee React x | No..| 1] No: 
west of. ; 
SRO Wisel st aes eee eee Mountain Peak ............ OVGnte eee ikeces ch 70) ee seoe 1 | No. 
A. F. Hardie (reports)..| Mountain Peak, 3 miles 200 || é ve z = 
west from (5 wells). {to PIB} IPP o ees 20 || x | No.) 1) No. 
Milford Artesian Well | Milford post-office, 100 feet | 2,018 | 1,600) 1,900 |......|  J|...... No. 
Co. from. 
RyAyCoekis kes) .es ssn Italy, 300 yards from post- | 1,400 |........|.....-.. x No... 1 | No. 
office. 
i | 4 j f 990 758 S085 |S eeees 1} No 
Re Dearing... 2.22. Waxahachicnesss=s-ceaee NY lyrl0.|| aIbstWN) | pegeemee ey Ca Ihe os ese eg 
G.H.Cunningham..... Boz, 3 miles eastof ......... | 700 | MOON sc sce < No.. { 5 \ « 
Merchants and Plant- | Palmer post-office, 400 yards) 1,154 | 1,144 |........]...... 1 | No. 
ers’ Gin Co. from. 
Palmer Gin and Com- | Palmer, 750 feet south of...) 1,178 |........|........]...--- x 1G Nor 
press Co. 
Mutz & Cassidy........ MOrriS)s ja cite Sas seen see Hele SOON Malet 20% mals 300) |as- ==. 1 | No. 
PAG eH enV LUSOM: 2/0 ee sie c cleiee Boyce, 134 miles west of ..... 975 S60 Meese linctes 1 | No 
Di y.Bales.---.-2.------ Boyce, 1; miles west of..... 981 BO) | Goasecee raecae x { s }No 
aX = yes. 


b1,Soft and potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, 
contains lime; 8, contains soda; 9, contains alkali; 10, contains potash; 11, contains alum; 12, contains 
magnesia, 
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GRAYSON COUNTY.? 


Grayson County has an area of 960 square miles. It possesses cer- 
tain geologic and geographic peculiarities which render the discussion 
of its artesian conditions somewhat more complex than that of the 
other counties described. The abrupt border between the Red River 
and main Texas districts of the geologic and geographic belts of the 
Black and Grand Prairies runs diagonally northwest and southeast 
through this county. <A line approximately drawn through Cedar 

Mills, Cook Springs, and 
\ Bells separates the two 
() —_ districts, that portion 
Ate CS lying north of this line 
belonging to the Red 
River district and that 
lying south belonging 
to the main Texas belt. 
Furthermore, in that 
portion of the county 
between the line above 
defined and Red River 
is a block between two 


Cedar? Millsy 
cis a 
Red Branch 


| 

| 4 «principal fault lines of 
| \,! the Red River fault zone 
| te Mormon Grove NC \! which presents artesian 
\ once eer Howe kyr! conditions entirely dif- 
pe se Oe Gone | ferent from either of 
| <i \ cs \ Vaktevaroten | the districts mentioned. 
2 Sen evista That portion of the 


5 0 5 Mies county south of the line 


es . . 
Fic. 77.—Artesian map of Grayson County, Texas. 1, area above mentioned consists 
where flowing mois ay Be obtained from the Woodbine of the reeular north- 
reservoir; 2, area where flowing wells may be obtained 5 
from the Trinity reservoir; y%, flowing wells from Wood- south belts of country of 
bine reservoir; ¥, nonflowing wells from Woodbine reser- the main Texas district 
J re “ae oS 3 


yoir; ©, wellsfrom Trinity reservoir; (, reservoirunknown. rye S ‘ 
consisting of the Austin 


chalk belt east of a line drawn through Sherman, Howe, and Van 
Alstyne, a wide belt of Eagle Ford prairie running westward to 
Whitesboro, and the sandy prairies of the Woodbine belt in the 
extreme western portion of the county. 

This district consists of a plain with very little coastward slope, 
although the surface is very undulating in many places, owing to the 
numerous drainage courses; its extremes of altitude lie between 600 
and 850 feet. The highest points of the county in this district from 


1An excellent topographic map of the northwestern corner of Grayson County has recently been 
made by the United States Geological Survey. 
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the western edge to the extreme east are almost in a line horizontally, 
the variation being only from 800 feet on the western county line to 
706 feet at Whitewright on the east, Thus it will be seen that the 
regional slope is hardly 100 feet in 35 miles. Within this region the 
strongest relief feature is the incised valley of Big Mineral Creek, 
which is indented 200 feet below the general summit level. The Austin 
chalk is exposed in some places near the head of this creek to the west 
of Sherman. 

In the Red River district, or that portion of the county north of a 
line drawn through Bells, Cook Springs, Pottsboro, and Cedar Mills, 
the same upland altitudes prevail, but Red River has cut a deep valley 
which varies from an altitude of 500 feet at the extreme eastern edge 
of the county to about 590 feet at the western edge of the county, 
this valley being incised about 300 feet below the highest upland 
altitudes. 

The portion of Grayson County within the faulted zone, which may 
be called the Denison district, consists of east-west belts of country 
established upon the various geologic formations from the Woodbine 
sands (south of Denison) to the Antlers sands (south of Preston), inclu- 
sive. The outcrop of each successively lower and lower formation as 
exposed by the erosion of the Red River Valley produces types of soil 
differing from place to place. These formations are fully described 
in the portion of this report devoted to geology. 


GEOLOGY. 


That portion of the county within the main Texas belt consists at 
the surface solely of the Upper Cretaceous formations succeeding each 
other from west to east. The Woodbine formation outcrops at the 
western line of the county with a thickness of about 560 feet, the Eagle 
Ford formation constitutes extensive prairies west of Sherman, and 
the Austin chalk underlies the southeast quarter of the county. The 
surface formations of the Northern or Red River district, on the other 
hand, are principally those of the Comanche series, consisting of out- 
crops of the entire sections from the Paluxy (Antlers) sands to the 
Woodbine formation, inclusive, as described in detail in the geologic 
portion of this paper. (See Pl. LXVI.) In the Red River Valley 
there are also many wide second bottoms of rich alluvial soil. 

The whole of the main Texas belt is underlain by the Woodbine, 
Paluxy, and Trinity reservoirs, the first of which alone is obtainable 
anywhere within the district at depths of much less than 1,000 feet. 
None of these have been penetrated as yet by wells except the Wood- 
bine reservoir, although it is probable that the Paluxy reservoir lies 
about 1,000 feet below the surface at the western edge of the county, 
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about 1,800 feet deep in the longitude of Sherman, and about 2,300 
feet deep at the extreme eastern portion of the county. The nearest 
points at which the basement Trinity reservoir has been penetrated is 
at Gainesville on the west and Denison on the north. From well 
sections at these localities the writer estimates that this reservoir is 
embedded from 2,200 to 2,590 feet in the main Texas belt in the vicin- 
ity of Sherman, and hence is practically beyond availability except for 
municipal and industrial supply. It is doubtful if the water of the 
Paluxy and Trinity reservoirs will outflow within any portion of the 
county, except perhaps in the valley of Big Mineral Creek. 

The Woodbine reservoir in the portion of the county within the 
main Texas district is nearest to the surface and is the most practicable 
and available. It is embedded at depths of from 100 feet at the west- 
ern edge of the county to 750 feet in the central portion, and not over 
1,500 feet at the extreme eastern line. There is only one small arez 
within the entire district where waters from any of the reservoirs will 
rise to the surface, and this is a small district of less than 10 square 
miles along the valley of Big Mineral Creek between the Missouri, 
Kansas and Texas Railway and the Cook Springs fault line and 
approximately lower in altitude than the 650-foot contour. (See 
fig. 79, p. 620.) 

Owing to the parallel lines of faulting on the north and south sides 
of the Denison district, the formations in this region as a whole stand 
some 300 feet higher than those of the main Texas belt to the south 
and the Red River district to the north. 

The artesian conditions of the Denison or Red River district are 
quite different from those of that portion of the county south of it. 
The Woodbine sands constitute the surface formation along the nar- 
row belt running eastward from Pottsboro through South Denison to 
Red River. North of this line the Paluxy and Trinity reservoirs of 
the Antlers sands are alone available. The Paluxy formation, which 
outcrops in Marshalls Bluff near Preston, is penetrable at depths of 
less than 500 feet. The Trinity reservoir, as shown by the log of the 
well at Denison, elsewhere given, is located at a depth of about 700 
feet below Denison. 

DEVELOPMENT. 


A great many wells in the main Texas belt of this county have pene- 
trated to the Woodbine reservoir, flowing wells being obtained in the 
valley of Big Mineral Creek, as shown upon the map (fig. 78). Out- 
side of this district these waters will not rise to the surface, but are 
utilized at Sherman and elsewhere by pumping. The Paluxy and 
Trinity reservoirs have not been penetrated in this portion of Grayson 
County. 
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The following is a list of the artesian wells so far as they have been 


obtainable: 
Schedule of wells in Grayson County, Texas. 
WELLS FROM THE WOODBINE RESERVOIR. 
sure Ae i ae 
rs ; G 
ae ieee il) dee as 
; i Sm |) = Eg Saas 
Owner. Location. o aes > a Y re 
Lo) a - par 3 7A cal 
| Ay SES dS eS ee 
Be |A © |e EB ye |e 
Feet Feet.| Feet. Feet. 
25 | 
Ua lop lyxoGlesedaoseenae (Ofsted MONK SS. Oe Bao oa AP eee Semana 115 15 Oe | DON Ressellbotboe 1 
30 | 
15 
\iie d8 G Waliitesseaceusoseo Gordonville, at post-office......-- | 102 15 GOW roan cil Sevens] peepee ea Srers 
20 
Unles GEN ocdesonaeedesa Gage, 2 miles northwest of .....-. LOOD| Sear |beees Ihakss SOW | rresesey ell Seas 1 
Ga Domereee-ee- eee Gage, 2} miles east of...........-. 39814) ES00\| Fee se IF220),|| ees eee 1 
Je Me Nicholas:~-----.= Locust, 3 miles south of.........- 176 SON) 45) |Peeees i 
180, 1p 1HoYS eee eeseeonee Southmayd, } mile west of........ +280} 190 |...... TSO Ee ee erse 1 
Seo it SRS 2 Pct | Sadler, 1 mile east of.............-| 140 30 { ee lena At dae 1 
H. Eldridge (reports)..) Steadman, } mile east of.......... 95 80 OL Le 25 ace al | ee es ( u 
W.C. Eubank Sherman, 18 miles northwest of--)) 939 | 995 | 4 
ee River, 4 miles south of ....-. y | 
Wi He Drydene ss —- 1 Sherman, 13 miles northwest of... 200 | 150] 192 Bila aetall breleteees 1 
Sherman. 18 miles northwest of -. k 
W.C. Eubank.....--.-. [Rea River, 4 miles south of, in 480.) 140) 170 )-.----) X |-----.J---- 
Mineral Creek bottom. 
1) OPrarsteteeretstociee terial aysmete LOY setae cio ceiecnae ening cisrere aie 200 130 1 }se aseaaalh pao | Adosacl eso 
H. Eldridge (reports)..| Pottsboro, 5 miles west of.......-. TBON le L308 Meee eee mee) ose liam H A 
1D) RIA VO coesosecaodde Pottsboro, 6 miles west of ....-..- 12}3}5) | S800) A eel eer | eo eal eee 1 
80 
H. Eldridge (reports)..|..... DOM as aee eee eee eras 166] 20 | 145 Voges ie 41s 1 al 
160 | 
5 
Nes SCObteaees ees cent -| Pottsboro, 7 miles west of........- +500 132 { a \ SAI SS fel pee teas 1h, =a! 
Pee Bw SLZeMOKe en (LE= iB OMe Vale Wilmer elem cite alelae'= ereie eins Be Bi lebaoacl senor + 300M one oleae { ; 
ports). 
ie CaS Pellyen seats ot saree GORE eee ees cre mnewiee es teo RYAN eer ea ae DA enets= | eteratatees ater 
JaGe Wheelers ..-i:- <0: Elm View, 1 mile west of......... 268i een oe alk a D2Sa See falas { i 
IDAs hOhAIKS Sezosepeasece Elm View, 34 miles northwest of. O00) | Raeses| aesass SO} | esa ieee ee 1 
SvAUSchottite aren. eecer Ethel, 4 miles east of ............. 1020) Se achaleacore he culslooaos| Moecee 1 
E., B. Sizemore (re- | Ethel, 1 mile northeast of ........ 156 65 | 154 SO beets cel Seema 1 
ports). 
Sherman Ice Co......-. Shermans oacmerseeecais-ciccieiels Osa aac Boece nese aneeseal acaoealsaca 
Texas and Pacific Rwy |...-. (Choteoseace cer Saopcatocrenee sere (8?) |5eccecl SSeeee| Fosse seceaa| soseca 
DO Seas Sei oi <i lalareiiare WihiteSbOrojsen. seace cece cc cine SOON eee. lier Sel| yeeeianlle ee aetellseeena seer 
WELL FROM THE PALUXY-TRINITY RESERVOIRS. 
| 100 | 
CaWeaClankge case sc-ise' Denison, 1 mile south of ......-.. 920 30 | oe Be iiSocdcollbocbac 1 
| 707 | | 
| 


aX =yes. 


61, Soft and potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, con- 
tains lime; 8, contains soda; 9, contains alkali; 10, contains potash; 11, contains alum; 12, contains 


magnesia. 
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Mr. C. W. Clark, of Smithville, Bastrop County, reports a well 
about 1 mile south of Denison, which he states was bored to a depth 
of 1,800 feet. The writer possesses a record of this well to the depth 
of 920 feet, which was obtained from the driller in Denison many years 
ago, and it is one of the most perfect and valuable logs yet received. 
It clearly shows that the water-bearing Trinity sands are just 582 feet 


A B C D E \ F 


- 


SEA LEVEL 


Fic. 78.—Logs of wells in Grayson County, Texas. A, Incomplete well at Sherman; B, well 1 mile 
south of Denison; (, flowing well 1 mile east of Sadler; D, Poe’s well, three-fourths mile west of 
Pottsboro; E, Dr. Scott’s well, 7 miles west of Pottsboro; F, W. C. Eubank’s well, Mineral Creek 
bottom. 


below the top of the Main Street limestone at Denison, and that the 
whole thickness of the Lower Cretaceous below the base of the 
Woodbine sands is about 632 feet. This is the only log of a well or 
other record north of Fort Worth by which to approximate these 
thicknesses in that portion of the Grand Prairie in Texas. The log to 
a depth of 920 feet is as follows (see fig. 78, 5): 


: ‘| 
Section No. 120.—LoG oF A DEEP WELL 1 MILE souTH OF DENISON, GRAYSON CouNTY. 


[See fig. 78, B.] 


Thickness. Depth. 
Feet. Feet. 
2350 SO and Clay ae ee ee eee ope see ee ee eee eee 5 5 
22. Pack/sand((Woodbine) Eas ssses oes eee eee eee 25 30 
21. Blue‘joint clay ““soapstone”’ (Grayson) ....--....------=- 50 80 
20. Hard fossiliferous Main Street limestone with admixture of 
SC ho RR ee on ee ea IS SCA ODOIOOC 3 83 
19. Blue clay ‘‘soapstone”’ with various species of Cretaceous 
fossilsiand limestones*acccec-2- = sees eee eee eee eee 387} 470 
18. Blue clay interspersed with frequent strata of fine quick- 
sand (upper part of Antlers sands); water (p) ---------- 90 | 560 
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Secrion No. 120.—Loa or A DEEP WELL 1 MILE SOUTH OF DENISON, GRAYSON CounTY— 


2 Continued. 
| Thickness. Depth. 
Feet. Feet. 
17. Fine and coarse sand, gravel, and bowlders with water---- 10 570 
16. Very hard blue limestone, fossiliferous.........------..-- 20 590 
aa Cleantwinitersan dine seers meer = =n se sensed aee 25 615 
14, Wartawyloilve Oly os socedoscce Sdoosc Sage eae eee eee 3 618 
13. Coarse, sharp, white sand; water under pressure rose to 
Witdaba NO Keer OH GMAACS 2. +2 sescconeeeae soeeeeEesede 7 625 
12, Toneln lle Chey eoosaoeosce ouoedaace a eee eee ae 50 675 
I, Rowen yoni WENCHROUS CNY .c6.5-chcanceee soa aae ene Soose 7 682 
1OMsKine! white sand waterabundant = s22s22----.-------.-_- 25 707 
9. Yellowish white clay with streaks of sand (water?) ..---- 45 752 
Seloosesbowl dersts= 4sa2— ee eee ies ae ese 10 762 
7. Hard gray limestone, thought to be Carboniferous. ------- 8 770 
6. About 2 feet apparent cavity, balance white sand, with 
streaks of white clay toward bottom ..-....--.---.------ 25 795 
5. Yellowish clay, greenish toward bottom, with small lumps 
Olereenishy sand NOCkemerr aerter eer = peso ece ee = 15 810 
4. Variegated clay, with reddish sand toward bottom... ..--- 10 820 
3. Red rock, composed of red clay or chalk and sand, with 
small quantity of black sand in upper part of stratum -- 75 895 
Debedeousmalllishellss seas =s-p eee ermeoe ea seeiaceie os stins-- 205 897.5 
1. Red rock, same as above, but without black sand ________- 23 920.5 


The last 100 feet of the well was made with drive pipe, which struck 
a rock so hard it would not go any farther. The well does not flow, 
but water rose to within 100 feet of the surface, or to an altitude of 
about 650 feet. 

Tn the above section the following geologic horizons are recognizable: 


Feet. 
22-23. Nhe Dexter sands of the Woodbine formation=----....----------------- 35 
18-21. The formations of the Washita and Fredericksburg divisions of the Co- 
manche series; No. 20 is the Main Street limestone; No. 21 the Gray- 
SOMITE es Saeateaisg cobbanaoesoane bouToOobac tae een ae 435 
8-18. The Antlers sand, or equivalent of the Paluxy and Trinity sands of south- 
GaN FAGHO Nes saeosasbodascecs asosecce o6Se Ge DOS CEOS Oe Ee eee 292 
1- 7. Paleozoic (Carboniferous?) rocks resembling those which outcrop north 
Ol! AMO) A esd pookicoons 6 Sdocodencauu SHU pC era Re EEE See aE 158 
920 


The water reservoirs were as follows: 
Depth from 
surface. 


INGOT 2 oodoinen(Dexten)it 2) nearer eee een Soke See ee 30 
INO IG: TBAleay “(GN \asenococacococds séuscbC CSS OES N ee Eee eee 410-560 
INOS pec SoadaosyeakOOEUSGbe co OSeBUb Gab OSS SH SDE Ree eee 560-570 
WO1B 2ocu szobaceyadaTsegsEUGeecsen noses ashe Ucn Ose e eee 618-625 


WO NO soséetcad sus cabEU oot aehob 6 Soe ober ee SURE Ga eee ee re 682-707 
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There are two important deductions that may be drawn from these 
facts: (1) In regard to the total thickness and depths to water of the 
Comanche series, and (2) as to the probability of a flowing area north 
of Denison which would be of great value to that city as a source of 
city supply. (See fig. 79.) 

From the fact that the waters in the deep well 1 mile south of 
Denison, reported by Mr. Clark, rose to within 50 feet of the surface, 
or to 650 feet above sea level, it is evident that had this well been located 
on ground 100 feet lower the water would have reached the surface 


1 0 ii 2 MILES 


Fic. 79.—Map of area north of Denison, Texas; shaded portion indicates area in which flowing 
artesian wells can be obtained from the Paluxy system. 


anda good flow could have reasonably been expected at any point 
lower than 600 feet. To the north of Denison, along the slopes of 
Duck and Choctaw creeks and in the valley of Red River, there is a 
considerable area below 600 feet where flowing wells could be obtained 
which could furnish water to be pumped to the city. Furthermore, 
the wells thus located would be shallower than the one drilled, accord- 
ing to the geologic formation at the surface. At the crossing of 
Duck Creek by the Missouri, Kansas and Texas Railway, where the 
formation is the top of the Kiamitia clay, the bottom reservoir 
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encountered in the deep well 1 mile south of Denison should not be 
over 500 feet below the surface. In the Red River Valley north of 
the Red River fault, which lies between the Duck Creek and Red 
River bridge, the Basement reservoirs will deepen again to 750 feet 
below the river level. 

At Sherman and all points south of the Cook Springs fault in the 
.ine of strike of Sherman the depth of the Paluxy-Trinity waters will 
be practically that of the Sherman 915-foot well plus 762 feet of the 
Denison (Clark) well, or about 1,677 feet below the base of the Austin 
chalk. 

By placing the section of the Sherman well (see fig. 78, p. 618) on 
top of that of the Denison well, the strata below Sherman will be 
seen. It is hardly necessary to add that the Paluxy-Trinity waters 
will not rise to the surface at Sherman or any other point above an 
altitude of 600 feet. At Whitesboro and other points in the eastern 
edge of the Eastern Cross Timbers the Basement Trinity water should 
be about 500 feet nearer the surface, or have a depth of about 1,200 
feet. Flows from these lower reservoirs can be obtained wherever 
the flows from the Woodbine reservoirs are obtainable. 


WELLS FROM THE WOODBINE RESERVOIR. 


The Woodbine reservoirs have been penetrated at many places south 
of the Cook Springs fault in the western half of the county between 
the Eastern Cross Timbers and the Austin chalk belt, and at Sherman, 
which is situated in and near the base of the Austin chalk. In this 
district the upper Woodbine reservoirs (x’) seem to be reached at depths 
varying from 102 feet at the western border of the county to 632 feet 
at Sherman, and the lower reservoirs (x’) at depths of from 480 feet 
in the western half of the county to 915 feet at Sherman. Unfortu- 
nately we possess no logs of the artesian experiments at Whitesboro 
(800 feet deep) and Sherman (915 feet deep) whereby the exact 
sequence, depth, distance apart, and inclination of the strata may be 
determined. There are at least two distinct reservoirs (x” and x’) 
from 200 to 300 feet apart, but the writer has not been able to secure 
a single record showing the details of the entire thickness of the - 
Woodbine strata. 

It is the writer’s opinion that most of the wells, except some of the 
deepest in Mineral Creek Valley, obtain their water from the upper 
or x® reservoirs of the Lewisville horizon. Mr. J. A. Taff states that 
‘*the wells of Mineral Creek Valley were drilled through a part of the 
Timber Creek [Lewisville] formation [x*] into the Dexter sand [x’], 
from which they receive their flow.” Many of the wells to the south 
show by their records that they have not reached the Dexter sands. 
The two depths at which the reservoirs were struck at Sherman would 
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indicate that the x’ and x* reservoirs are about 300 feet apart at that 
place. 

All of the Woodbine wells thus far developed, except those at 
Sherman, begin in the Eagle Ford shales or Woodbine formation, and 
their logs show only shale and sand, with occasional beds of lignite. 

The following details of some of the wells are given: At Whites- 
boro, on the western edge of the county, near the contact of the Wood- 
bine and Eagle Ford formations, a well was drilled to a depth of 800 
feet, but failed to obtain flowing waters owing to the high altitude. 
This well must have penetrated the entire Woodbine system with its 
various reservoirs. 

In the southwest quarter of the county, south of a line drawn 
between Whitesboro and Sherman, the Woodbine reservoirs are found 
beneath the Eagle Ford Prairies at depths of from 100 to 300 feet. 
The following wells are of this character: 

Mr. H. L. Poe, who has a nonflowing well 280 feet in depth located 
three-quarters of a mile west of Southmayd, gives the following record 
of strata passed through: — 


Section No. 121.—Secrion or®wett or H. L. Por, LocATED THREE-FOURTHS MILE 
WEST OF SOUTHMAYD, GRAYSON County. 


Thickness. Depth. 
Feet. Feet. 

6:"Soilandsjomticlay, <2...) sooseeseee nee ene ae ae eee 45 45 
5s Slateithwbituminous|smellll =a -eeeeee see ae eee eeeeee 145 190 
4, Rock, saltwater underneath=---os-ce oe eee eee eee ee eee 1.5 191.5 
3) Blue isand(ec’)\ es ju. sce = See ee 35 | 226.5 
2), Blackisoapstoneonslate. 22-52 see eee aoe eae ee eae eee eee So | 276.5 
1: Wihiteswater-bearingisand (x2)Se eee seeeetee eee eee eee) AS «| 280.5 


Mr. H. C. Sperry, postmaster at Elmview, gives the following 
information concerning a well drilled at that place: ‘‘ Went through 
soapstone or shale from 20 feet to the bottom, becoming harder and 
denser as the drill went down to the bottom, where we found a hard 
rock just above the water, perhaps 6 or 8 inches through said rock. 
Depth of well, 320 feet. The well does not flow.” 


Section No. 122.—Secrion OF WELL AT ELMVIEW, GRAYSON County, TEXAS, REPORTED 
BY Mr. H. C. Sperry, POSTMASTER. 


Thickness. Depth. 


Feet. Feet. 
orebluetshalesse eee eee eee eee PARC eo es a atioaaeioc 319 319 
2. Hardrock sce oan eee ee aa sho ee = ee .5 319.5 


1. Water sandss cones acie cee cick sc nee oe eee 1 320.5 
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Secrioy No. 123.—SEcTION OF WELL 14 MILES SOUTHWEST OF SHERMAN, REPORTED BY 
E. B. SizEMORE, WELL DRILLER. 


Thickness. Depth. 


Feet. Feet. 
Uo (SO egak Sade ae ee a aoa OE Re ee eee ee ae te ee 8 8 
Gi @laygshalomenrmrme coerce sete ao 552 oa ae oe Aaeeeeeesees 42 50 
, IRVOIR SONG. a OS aE aes Oe tee i eee etree eee Cea 200 250 
4, lsleml Ciny SRI Oak eee Soo yao Be eee eee Hee nee 63 313 
SaeumpuTeyolwewlimestOne = s+ ens 42 eels = acl \- 35-5222 eee een 2 315 
%, ISIS PACK GENO Se eB eae ee dee See eee a eee ee 8 323 


The above strata represent the following formations: 


2-7. Bituminous clays of Eagle Ford and Woodbine formations. 

3. A bed which generally occurs at base of the Eagle Ford. 

1. The Lewisville beds of the Woodbine formation. 

Mr. G. T. Dorner, who owns a well 24 miles east of Gage, says: ‘* This 
well is 398 feet in depth (is not finished). Struck first reservoir at 300 
feet. According to other wells east and west of me, may have to go 
25 or 30 feet deeper to get plenty of water.” 

Mr. Dorner also gives the following section of his well: 


Section No. 124.—SrcTion oF WELL oF G. T. DoRNER, 24 MILES EAST OF GAGE, 
GRAYSON CounNrTY. 


| Thickness. | Depth. 
Feet. | Feet. 
Amm iC) llowg Clava sensene wee 2 oe oc cece earn ae etee een eee 23 23 
S; dou, Chay einGlsnles: sacaeseaess case csoncessosecesuussce 280 303 
ZEOANOSLON Cs (XQo) Wasmee eh se sce hace ania Re eee eee ee sas 3 306 
Wa Shia) Omer ea ses sates ness rascals eee ence owes Se 92 398 


Mr. E. B. Sizemore, well driller, reports a well drilled by him 
18 miles southwest of Sherman, about 1 mile northeast of Ethel: 
‘*Went through soil 6 or 8 feet; then struck a yellow clay and went 
on until I got about 62 feet; then struck a hard lime rock; went 3 
feet and into first water and struck a sand and slate; then on until I 
got about 154 feet and struck water-bearing sand. This is a very 
strong nonflowing well. The water rose up about 80 or 90 feet, and 
furnishes 25,000 gallons of water per day.” 
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The following is a section of this well: 


Section No. 125.—SEcTION OF WELL 18 MILES SOUTHWEST OF SHERMAN, ABOUT 1 MILE 
NORTHEAST OF ETHEL, REPORTED BY E. B. S1zeEMORE, WELL DRILLER. 


Thickness. | Depth. 
| 


>] 
ia) 
S 
g 
x 
a 
& 


5. sSOill: Stee ee ae nice oo cc ea eee eee 8+ 8 
4; Yellow) ointiclayes <2: == Js. 12S eee eee eee eee | 62 | 70 
3: Harddimestone fe. -: 3-(s242~..95560e see et ee eee Eee | | 73 
2, aoandiandiclaysaltemmauny =... 26 ese eee ee eee | 81 154 
Ts Water sandi(@e2)is252 205.4 2h eee 2+ 156 


Mr. D. Hunter, who owns a well about 34 miles northwest from Elm- 
view, states that the well has been in use eleven years, and the supply 
of water is just as strong as when first got it. The total depth of the 
well is 200 feet. 

The following is a section of this well: 


Section No. 126.—Srcrion oF wELL oF D. HunTER, ABOUT 34 MILES NORTHWEST 
or Etmvipew, Grayson County, Trexas. 


| Thickness. Depth. 

| Feet. Feet. 
7. Blackwwaxys0ill.\.o02 22s. eteoee soc Oa eee EEN 6+ 6 
6." Nellow (claves 2ac e502 2/520 ae See eee 14+ 20 
5. Slate rock of a light-blue color, continued...--..---.------ 80+ 100 
4.) Mireiclaiys Sac acccerssciic a aewic caisie eS Ee ee eee | . OE 100.5 
3. Gray shaly clay with many hard balls of pyrites ....------ | 95 195.5 
9) Black clayerr osc thos © 20 aa ee be 197.5 
il 5 


Hard sandtrockiotiaoray colori as—seeeeeee eee eee re eeeneee | 3 200. 


Occasionally the drill passed through small strata of ** soapstone” 
(potter’s clay). 

To the north of the Texas and Pacific Railway, between Sadler on 
the west, Pottsboro on the east, and to within 4 or 5 miles of Red 
River on the north, in the basin of Big Mineral Creek, at altitudes of 
650 feet or less, there is an area where seven or eight flowing wells 
have been obtained from the Woodbine reservoirs. This area follows 
closely the valley of Big Mineral Creek and its five principal prongs, as 
shown in fig. 77. The highest of these wells, near Sadler, begins at 
the base of the Eagle Ford, and the lowest begins in the Woodbine 
formation. 

W. C. Eubank, of Sherman, reports a flowing well 480 feet in depth, 
owned by himself and others, about 18 miles northwest of Sherman, 
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in Mineral Creek bottom, and 4 miles south of Red River. This well 
was dug in exploring for coal, the owners having been misled into the 
enterprise by the occurrence of lignite in the Woodbine formation. 
Mr. Eubank furnished the following section of this well: 


Srecrion No. 127.—Srction or WELL or W. C. EuBank, LOCATED 18 MILES NORTHWEST 
or SHERMAN, IN MINERAL CREEK BOTTOM, GRAYSON County, TEXAS. 


Thickness, | Depth. 

Feet. Feet. 
GempaullltnvalleSOnl ieee sensei ats sree Ses koe Dees 20 20 
Sy Clay Gwealle. .scessseeecegeeaeaead sabe Spee ReneS eoceanens 120 140 
4. \lauliie onic Gena | Se ae Sel oo yeh oe ee eee teem aes it 141 
& Chey Galle pee deseecesatne sae see eet eee re pee 25 166 
2mm ihitetsand stones erepect ae == ser sasie tae ee see See 5 | at7/il 
eolaleraricelinnestone ser aassee eee ah) oh ees ee ae 309 | 480, 


In drilling this well the first flow of water came from about 1 
foot of white packsand at 140 feet. At a depth of 165 feet the 
second flow was encountered on top of No. 4. The sandstone is about 
5 feet in thickness. At bottom of said sandstone the third flow was 
encountered, being the largest flow of the three. The balance of the 
well, to a depth of 480 feet, furnished no more water. (See fig. 78 /7) 
Mr. Eubank also furnished an analysis of the water from the above 
well, which is given opposite page 448. 

J. M. Nichols owns a flowing well, 176 feet in depth, on low ground 
3 miles south of Locust. He says: ‘‘ Artesian water was first found 
in this district in 1890, and since then there have been eight wells 
drilled. Five of these flow, and in the other three the water is near 
the top. This is the most northern well of the group. Artesian 
water can be obtained at a depth of 150 feet on low land or in creek 
bottoms, and upon the prairies at a depth of 200 to 300 feet, but 
the water will not flow on high land. The reservoirs are from 4 
to 50 feet in thickness. One well in this vicinity was drilled 486 feet. 
An excellent flow [x*] was obtained at 145 feet, another at 176, then 
no more was found. In all these wells the water is cold, and is found 
in a white sand and sand rock.” 

Dr. Scott, of Pottsboro, says that the artesian wells flow great 
quantities of soft water accompanied by a trace of oil. 

Mr. H. Eldridge, who has drilled many of these wells, says: ** The 
stratigraphy is about the same in all of them. What we find in one 
-we generally find in others. The strata of slate or shale between the 
water reservoirs of sand runs from 10 to 80 and 120 feet in thickness. 
Between these we find thin rock from 6 inches to 1 foot, with blue 


21 GEOL, pr (—01——40 
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sand under the rock from 2 to 10 feet in depth.” He reports the 
following flowing wells: 

** Flowing well one-half mile east of Steedman; total depth, 95 feet; 
water at 80, 91, and 95 feet. A second well 140 feet deep, 1 mile east 
of Sadler, 15 miles west and 3 miles north of Sherman. Water found 
at 30, 60, 80, and 130 feet. This well began flowing at a depth of 60 
feet, where the x® reservoir is reached.” 

Mr. Eldridge gives the following record of strata (see fig. 78, C’): 


Srcrion No. 128.—SEcTION OF WELL DRILLED BY H. ELDRIDGE 1 MILE EAST OF SADLER, 
15 MILES WEST, 3 MILES NORTH, OF SHERMAN, GRAYSON County, TEXAs. 


Thickness. | Depth. 
Feet. | Feet. 

Oe Soilvandvclay <2. 332.005 ai see ee ee eee 8 8 
O-Wihiteloose:sand! <= 24. 252.22 Bays oe eee ee oe ee 12 20 
Set Saleen Pas ris es U2 9 re 6 | 26 
ied 8X0) 9) pe eet ee es re Ee ain Stn 1 |- 27 
GuSandawathiwatertundentoc kas = se ae ee | 5 32 
BaShalen uct. tic secs 2. a RN ed ee | 43 | 75 
4. White sand (x*) with water and sandy shale.......-.---- 55 | 130 
Se Waterssand tat alS0 feet e. ase. een nee ee eee ee ee | | 
2, AOMILeR 2 teet >. 2 oi s2tl oe Saeco eRe eee eee eee 10 | 140 
IS PRottersiclay eo. af 222. tao Dasa oo eee eee eee | 


There is a flowing well, 166 feet in depth, 6 miles west of Pottsboro. 
Water was struck at 20, 80, 145, and 160 feet. This well is near Big 
Mineral Creek, just above high-water mark. There is another flowing 
well, 130 feet in depth, 5 miles west from Pottsboro. This one pene- 
trated 130 feet of clay and shale. The drill broke through shale into 
the water reservoir, the tools falling about 2 feet. This well is on high 
ground, certainly near the level of fountain head. 


Srecrion No. 129.—Srcrion OF FLOWING WELL 5 MILES WEST FROM PoTTSBORO, REPORTED 
BY H. ELDRIDGE. 


| Thickness. Depth. 


Feet. Feet. 
8. Clary .ye Set EE 2a ae 30 30 
2: Shale sae see ore wes Sone Ok eo cc ec Re eee ee eee 100 130 
| 
| .. Sand 2:2 ee et te ok ot J eee eee 2 132 


Dr. L. A. Scott, of Pottsboro, reports a flowing well 7 miles west of 
Pottsboro which is about 500 feet deep. (See fig. 78, 4.) Water was 
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struck at 132, 154, and 176 feet. The water from this well was pro- 
nounced remarkably pure by the State chemist at Austin. 

J. E. Bond, near Cedar Mills, gives the following section showing 
material penetrated in his well at that place, which is entirely in the 
Woodbine formation. 


Secrion No. 130.—SEcTION OF WELL or J. E. Bonn, at CepAR MiLus, GRAYSON 
County, TExAs. 


Thickness. Depth. 

Feet. Feet. 
AMM INC CESAT Geel ODESOMle aaa aero eines cle w- iS <(elsjaje cle wie misioiewise see ae | 3 
Ge LNSTHAUISTAOUIS GENNCISIOING |. Saco ec adosus Hobs HoneeEosdeasoSoE 8+ | 11 
2. Alternations of red sand and joint clay .-..-..........---- 100 111 
ils: WW late gene Cea ee So aa doc eno Bee TORO ee eRe nee nears oa 115 


Little development seems to have been done in the eastern half of 
Grayson County in the region underlain by the Austin chalk and later 
Upper Cretaceous formations. At least we have been able to obtain 
data concerning such wells only at Sherman in this district, and even 
these are of a meager nature. The geologic conditions are excellent 
in this portion of the county for obtaining good nonflowing wells 
which will rise approximately to within 100 feet of the surface at 
depths varying from 900 to 2,000 feet. 

At Sherman two wells are reported at depths of 613 and 915 feet. 
From the writer’s acquaintance with the geologic formations, he is of 
the opinion that these figures represent the depths of the upper and 
lower Woodbine reservoirs x” and x®. In general 600 and 900 feet 
would approximately represent the depths of those reservoirs below 
the base of the Austin chalk throughout Grayson County, Sherman 
being located within a few feet of the base of that formation. 


THE RED RIVER COUNTIES. 


The group of counties constituting the Red River division of our 
geologic map (see Pl. LXVI) consists of Black Prairie uplands and 
timbered stream valleys and bottoms. The Black Prairie upland con- 
stitutes a high divide of sublevel or gently rolling agricultural land, 
which drains northward toward Red River and southward toward 
Sulphur. 

The geologic formation of these counties consists of soft marls, 
chalks, clays, and occasional sands of the Upper Cretaceous series. 
The Woodbine formation outcrops irregularly along Red River, as 
shown upon the map, while the higher formations succeed each other 
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southward, so that along the southern margins of these counties the 
uppermost layers of the Upper Cretaceous constitute the surface for 
mation. The Cretaceous formations are covered by a deep regolith of 
rich black soil, which makes it difficult to always determine their exact 
stratigraphic position. 

These counties are underlain by the Lower Cretaceous reservoirs 
in the Antlers sand representing the combined Trinity and Paluxy, by 
perhaps some additional arenaceous reservoirs which have developed 
in the formations of the Washita division in this portion of their 
extent, and by the Woodbine reservoirs. There can be no doubt 
that the artesian reservoirs beneath this district are thick and well 
supplied with water, but the hydrostatic head is lacking to raise these 
waters to the surface of the high Black Prairies, which stand at an 
altitude of from 500 to 600 feet above the sea, and are higher than 
the catchment areas of the underlying artesian reservoirs to the north- 
ward in Indian Territory. Hence water will not rise to the surface 
in the Black Prairie portion of these counties. 

Deep artesian well experiments have been made at Clarksville, Paris, 
Honey Grove, and Bonham, near the center of each of these counties, 
and the results of these borings are sufficient to show that the avail- 
able artesian reservoirs are deeply embedded and that the water has 
not sufficient head to raise it to the surface of the most populous 
portions of the counties. 

It is more than probable that in these counties flowing water may 
be obtained along the valley of Red River, which is on an average 
about 200 or 300 feet lower than the high divide above mentioned. 

The profiles on Pl. LX VII show the lack of fall in the slope of the 
surface away from these catchment areas in the Red River counties. 
The artesian experiments at Bonham, Clarksville, and Paris all show 
that the waters of the reservoirs when tapped will not rise to the top 
of the black-land divide between Red River and Sulphur Fork. 


LAMAR COUNTY. 


From the profiles of the Gulf, Colorado and Santa Fe and St. Louis 
and San Francisco railways, which run directly north from Paris 
across the whole outcrop of strata constituting the artesian system, it 
is evident that the catchment area of the Antlers sands to the north- 
ward in Indian Territory is topographically lower in altitude than 
Paris, and hence flowing wells should not be expected at the latter 
place. The same can be said of the Woodbine reservoirs, which out- 
crop along both sides of the valley of Red River. 

The Paris Water Works have madea strong endeavor to thoroughly 
exploit the artesian reservoirs beneath that city, and thanks to Messrs. 
W. F. Gill and John A. Porter, detailed sections of the drilling and 
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specimens haye been supplied the writer. Inasmuch as these data 
contribute most valuable information concerning the geological for- 
mation and underlying artesian reservoirs of the whole belt of Red 
River counties, the section is published in detail. 


Section No. 131.—SrcrioN oF THE ARTESIAN WELL AT Paris, TEXAS, 24 MILES EAST 
BY SOUTH OF THE ciTy. ALTITUDE, 495 FEET. DRILLED FOR THE PARIS WATER 
Works Company. 

(See fig. 80.) 


| Thickness. Depth. 
| 


Feet. Feet. 


26. Residual soil and sandy clay formation................-. 60 | 60 
2), Jao gino. See ogese sete ae oe ne eee roses 20 80 
Poem imesmania Gwar levk orden eee sea sas ess ass 2 ease 420 500 
2s mlighterrcoloredsmarly (Hagle Hordes 2-2 -25--+.----.---- 100 600 
ex, (GiiBivy SETAC! mole (dere lol) 5-55 seater sees eee ee a eeoSeee 50 | 650 
ZAl.. Wed OW@ocl ine) Sooo Senascssbseases see Stee ease eee eae 125 775 
Om sandenrocks GWViOod bine) Reem eaee seme ase eee eae sna 8 783 
KG Searle (Woodbine) merase erase eee ae = me ce se Seek ee J 175 958 
Sen Grayvasand rock (Woodbine) passes eae eee aes yee 25 983 
il. Wlewal (WYWi@roclloti®) awe 3ose ake pcooesaees= se se Seaee eee 66 | 1, 049 
IG, Gieny canal wooo (NV OOGl wos) - = -ccoascassensooesessasaeee 3 | 1, 080 
HomeCare (Wiaod pine) asses. ate eeaate es coe seeen cs =e SB) | ib, UG: 
ape dkcanderocky @VWiOOd bine) Beeseseaeeaeaeeeee eee aes 52 | 1, 165 
13. Red sand mixed with pipe clay (Woodbine). ..---------- 6 Up algal 
12. Caleareous sand, almost white (Woodbine) -.-.-- ee: 105 1, 276 
11. Unrecorded (Woodbine or possibly Denison) ......------ 39 1,315 
10. Marly lime and sand (Woodbine or possibly Denison) - - - - 33 | 1, 348 
9. Sand rock (Woodbine or possibly Denison) -------------- 39 | 1, 387 
8. Loose sand (Woodbine or possibly Denison) ------------- 25 1, 412 
7. Gravel (Woodbine or possibly Denison) .....------------ 8 | 1, 420 
Sain Cay arse etaeis Spartan nic ne See este ste bese = | 
Migral syiiborcloulyencit.s 5a. oe ocosenensasaseSaasesouEseeee 
Meneincheskofsshellirockiear- = eae on Aa ee rs = oe mii) be 
ret 130 1,550 
Gs Wayersvor lmmestonerandemarlse sass. oes ene eee. 
Shrelitcastssinena albanien ate ete eee erie soos oS 
Mitemating: lmestone;andimanl =) 2225s. -4 5-22 4-55-25--- 
Watrecor ded saat mer epee One ee hake os oan 100 1, 650 
5. Grayish friable sandstone (Washita) -...........-.------ 30 1, 685 
4. Impure argillaceous limestone with fossils .......-------- 15 1, 700 
3. Impure limestone with Gryphxa washitaensis..-..-.------ | 10 | 1, 710 
2. White limestone, resembling Goodland limestone ---- ---- | 15 | 1, 725 
ie 1, 726 


Hard arenaceous limestone with Pecten and Anomia -..---- +1 | 
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In this well five small water reservoirs were encountered in the first 
110 feet. Nearly 500 feet of marls were then passed through, when a 
strong flow of briny water, which rose to within 110 feet of the sur- 


SALT WATER 


Fic. 80.—Well at Paris, 
Texas. (For explanation 
of symbols see Pl. XVI, 
p. 110.) 


face, was reached. This probably comes from 
the gray sand rock, No. 22, which is the first 
sand bed in a series of alternating sands and 
marls encountered between the depths of 600 
and 1,276 feet, and representing in a general 
way the Woodbine reservoir. This group of 
strata, 676 feet in thickness, contains six beds 
of sand. The next water was encountered in the 
sand bed, No. 20, at a depth of 775 feet. This 
water was also salty, and rose to within 100 feet 
of the surface. A third flow in this group of 
strata was reached at 958 feet. This was also 
salty, and rose to within 75 feet of the surface. 
At 1,049 feet in the gray sand rock, No. 16, a 
fourth flow of water was encountered whieh was 
lighter in volume than the others and rose to 
within 30 feet of the surface. At 1,350 feet a 
fifth flow of water was reached in this group of 
strata, which was very strong in volume and rose 
to within 6 feet of the surface. The quality of 
this water was unknown, as the salty waters from 
above were mixed with it. This stratum, No. 9, 
probably represents the Basement reservoir of 
the Woodbine formation, which is so prolific 
of artesian wells to the southward, and water 
would undoubtedly rise to the surface at points 
in Lamar County 10 feet lower than the well. 
Below this water the well penetrated the Washita 
division of the Comanche series for a distance of 
305 feet, and the last core received was from the 
Goodland limestone, showing conclusively that 
the well had not penetrated to the deeper and 
more prolific reservoirs of the Trinity division. 

Where the well is drilled the ground is about 
80 feet lower than the square in the city, and the 
water from the heavy vein of sand comes to 
within 5 feet of the surface. The supply is inex- 
haustible. The well was an experiment. Much 
caving of the clays occurred. In the light of the 


experiences of this well, another well should be drilled with proper 
precautions for cutting off the salty flows of the upper Woodbine 
reservoirs by casing and continuing at least 300 feet farther into the 


Trinity reservoirs. 
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It will be seen from an examination of the log and figure (see fig. 
80) that this well struck several artesian reservoirs in the Woodbine 
formation, and also in the Washita division of the Comanche series. 
The reservoirs have not heretofore been positively recognized in other 
wells, although a study of the formations shows that the beds of the 
Washita division are gradually passing into clays and sands in this 
direction. The lowest core sent from this well was a piece of lime- 
stone which was undoubtedly the Goodland limestone of the Fred- 
ericksburg division, showing that the Trinity and Paluxy reservoirs 
had not yet been penetrated. 

At Paris a supply of water is found near the surface in sandy layers 
of the Upper Cretaceous, but the water does not flow. The following 
section of the well of the Texas Midland Railway Company at Paris, 
Texas, kindly furnished by Mr. E. H. R. Green, president of the 
company, illustrates this shallow reservoir: 


Section No. 132.—SkcTIoN OF WELL OF THE Texas MiIpLAND Rai~way Company, 
AT Parts, LAMAR County, TExas. 


Thickness. Depth. 
Feet. Feet. 
4. Residual soil, grading into sand and clay....-...---------- 18 | 18 
3. Black sand, water bearing, yielding 12,000 gallons of water | 
AN CAV alaerete rece mere = aera Pre eiatet a es stare Sun areie ye claire ot eee ee 15 | 33 
Zane Arne MepaAC ka SANG cts alae sels o cincln ee oii oe Noe creme ce 12 | 45 
1. Top of upper portion of the barren joint clays. gees soem 28 | 73 


RED RIVER COUNTY. 


At Clarksville the city corporation four or five years ago made an 
effort for artesian water. The well was drilled to a depth of 1,050 feet 
and the water rose to within 10 feet of the top. When water was first 
struck it is said that it spouted out at the surface, but it quickly sub- 
sided to its present position. Clarksville is 442 feet above sea level, 
and this experiment demonstrates that water will rise in wells in this 
region to the altitude of 440 feet. 

If the pressure of the well was sufficient to cause the water to flow 
at Clarksville, good flowing wells should be obtained with increasing 
pressure in the slopes of Red River Valley to the north of the town 
as one descends toward the river. Mr. 8. J. Wright, who owns a well 
on the bank of Red River opposite the mouth of Kiamitia River, 
contributes the following data, which may be of value: 

The well is 300 feet deep. The surface formation is near the con- 
tact of the Upper and Lower Cretaceous. The well was bored in 1892. 
At 30 feet below the surface soft shell and limestone rock of the 
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Washita division, about 10 to 15 feet thick, was struck; then came 3 
to 6 feet of black gummy clay, impervious to water. This would 
decompose and harden, and crumble off when brought in contact with 
air. The shell rock and black clay continued in consecutive alternat- 
ing strata down to 300 feet without a drop of water; at times it was 
intermixed with pyrites of iron. At 300 feet the entire formation 
changed and the hard white pack sand of the Comanche series was 
found, from which the artesian water rushed up the hole, causing the 
hard and crumbling clay to cave into the hole and upon the top of the 
drill, and from this muck he could never extract it. 

The source of this water is about 30 miles to the north. The strata 
dip south under the towns of Paris and Clarksville, 30 miles distant 
each. This is corroborated by a natural artesian flow bursting out 5 
and 6 miles north of the mouth of the Kiamitia, consisting of immense 
springs, bottomless so far as measured, which come up through fissures. 
They are five in number, two of which are chalybeate. These flow 
into Gates Creek, which runs into the Kiamitia River at its mouth. 

The locality at which these artesian springs burst forth is enhanced 
in interest by what are known as the ‘‘ Witches’ Holes.” These are 
perpendicular and slanting openings in the earth upon high ground, 
disclosing an immense supply of pure, clear, sweet water, always at 
the same height or elevation, and never varying or freezing, full of 
fish, and bottomless. If piped, these springs would rise 100 feet from 
the present level of issue. 


FANNIN COUNTY. 


In Fannin County, area about 1,000 square miles, several costly well 
experiments have been made upon the high prairie lands, but few or 
no details can be secured concerning these experiments. These wells 
were apparently drilled without scientific direction or consultation of 
any kind. 

The postmaster at Honey Grove states that Honey Grove has a non- 
flowing artesian well 1,700 feet deep which furnishes plenty of water, 
but the water is so strongly mineral it can not be used, even for stock, 
without mixing with pure water. 

The postmaster at Ladonia says that several years ago a private 
stock company was formed and bored an artesian well 1,035 feet deep 
and did not strike even a ‘‘seep.” This well should have been con- 
tinued into the Woodbine reservoir. He states that his own observa- 
tion is that there are no artesian wells or springs in this community. 

At Bonham a well is said to have been drilled 1,500 feet without 
obtaining water. 

The postmaster at Trenton reports an artesian well belonging to 
J. R. Merritt. No particulars are given, however. 

The postmaster at Gover says: ‘*There was an unsuccessful attempt 


HILL.] ARTESIAN CONDITIONS IN COLLIN COUNTY. 633 


to sink an artesian well 8 miles west of here, but never could get a 
he 
flow.’ 

G. N. Parker, postmaster at Ivanhoe, near Red River, near the out- 
crop of the Woodbine formation, says: 

The geological formation in my immediate neighborhood is very peculiar. Wells 
are from 40 to 80 feet deep in this locality. The water is found in sand or gravel; 
in a few instances water is found in a slate or soapstone. Some of our wells are sul- 
phurous or brackish; sometimes a well is found whose water is offensive after the 
well has been used a while. These features of the wells are found occasionally 
within afew yards of each other. The formation passed through in putting down a 
well alternates from clay to sand. The sand is full of what we call clay balls, which 
are round or worn smooth by having been rolled about by running water. 


COLLIN COUNTY. 


Collin County has an area of 866 square miles. This county pre- 
sents artesian conditions similar to the Main Texas belt as described 
in Grayson County. No topographic survey has been made, but the 
county consists mostly of what is locally described in Texas as high 
black land prairie of the Eagle Ford, Austin, and Taylor belts, which 
succeed one another eastward. The White Rock Scarp runs north 
and south through the county close to its western border. Its summit 
has an altitude of 850 to 900 feet in this region. From this scarp 
the country slopes to the east and southeast to about 650 feet at the 
southeast corner. This sloping upland plain is drained by the north 
and south ramifying headwaters of the East Fork of Trinity River, 
which are not indented much over 100 feet beneath the general sum- 
mit level. 

The geologic formations of the county (see Pl. LXVI) consist, in 
ascending order, of the Eagle Ford formation along its western line, 
a broad belt of the Austin chalk occupying most of the western half, 
and the Taylor marls the eastern half. The entire area of the county 
is underlain by the Woodbine, Paluxy, and Trinity reservoirs. The 
Woodbine reservoir is embedded at depths of from 300 to 400 feet 
along the western border to 1,500 feet beneath the surface at the east- 
ern county line. It is approximately 960 feet deep at McKinney, in 
the central portion of the county. The Paluxy and Trinity reservoirs 
are much more deeply embedded; the former increases from 1,000 feet 
beneath the surface along the western boundary to over 2,000 feet at 
the east. The basement Trinity reservoir must be from 2,200 to 2,500 
feet deep at McKinney, in the center of the county. While it is barely 
possible that flowing wells may be obtained from all these reservoirs 
in such portions of the county as are below 600 feet in altitude, in 
most of the area the waters will not rise to the surface. 
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Schedule of wells in Collin County, Texas. 


a a (IESE 8h 
H s Zz o a | 3 
| Be 2 eS) 8 
= Pats |hencs ee = 4 rs 
Owner. | Location. iS) Se | = hi bp Seal eee 
iS o 5S z aS) a |B 
Be |A S = <a} 
2 — ee | 
Feet. | Feet.| Feet. 
Bo Warmer). seeeec-ecere Frankford, 2 miles south- M42") 449 \ 2222-3 50 No. SES 
west from. | 
é . | 
Ses Stare ote cee nen ces McKanmey 2. se-eccaseeecsees|| 2,860!) 960) )E 50 890} No. OSes. 
Wieb Smith poe. =] sees | Rockhill, 2 miles west of..... 370) $SeON aces 800 | No. 5 (eae 
| rhi erie ee o| | | 1 | 
ING RIEONEIL oe oece fRockhill,1; miles northwest | 995) | 300 | No. J 4 es 
of. J | |] 8 | 
| : f | | | 
Tt fIn Big Elm River Flats, 5 |) : — wc Al 
M. White ..---2--2----- | miles west of Lebanon. pelt oases see | SOOT eNO NS eae 
J. Greenwood.....----- | Prosper, } mile east of........ 660 | 638 | 652 416 | Yes. | 1 
MiraRS hipleveeercesceeee Prosper, } mile from......... 470) || 462))||.2sep : | No. Ae 
| { 1 
Jen W SCY ANG sso ame Gelinsig-pmemacteer er <r acye | 470 | 460 |..---- | 325 | No. 4 
| | | | | 8 
WHR Utts= = aera Celina, 1 mile west of........ 400 30 | 370 300 | No. PE 
1s ahs Iowa ee eae secs ss Celina, 13 miles southwest of. S88i\|| solo) peeeer 75 No le 
| | ‘ 
ax =yes. 


b1, Soft and potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, con- 
tains lime; 8, contains soda; 9, contains alkali; 10, contains potash; 11, contains alum; 12, contains 
magnesia. 

Only one experimental well has been drilled within the upland area 
of the main Black Prairie, and this penetrated the Paluxy and Trinity 
reservoirs. This was at McKinney, the county seat, which has an 
altitude of 552 feet. A well 1,860 feet deep was bored at this place. 
The Woodbine reservoir was struck at a depth of 960 feet, the Paluxy 
at 1,150 feet, and the Trinity reservoirs at 1,860 feet. Soft water 
was obtained from the latter reservoirs which rose to within 70 feet of 
the surface, or to an altitude of 482 feet, which is lower than any 
point in the county. 

In that portion of the county lying west of the White Rock Scarp 
there are many wells from 500 to 600 feet deep which begin in the Eagle 
Ford clays and secure nonflowing water from the Woodbine reservoirs. 

The postmaster at Allen writes: ‘‘There are no artesian wells in 
this neighborhood. But one effort has been made in this community 
to obtain artesian water. A depth of 1,400 feet was made, but no 
water was obtained, and the work was abandoned.” 

The postmaster at Shepton says: ‘* There are no artesian wells in 
this immediate vicinity. At Renner and Frankford, 3 to 5 miles from 
Shepton, there are several wells 400 to 500 feet, the water getting 
farther down as you go east. This is black waxy soil underlain with 
what is called white rock. The location is near White Rock Creek.” 

B. Warner, who owns a well 442 feet deep 2 miles southwest of 
Frankford, says that the drill passed through about 15 feet of clay, the 
rest being blue shale, until water was struck in sand. 
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W._H. Butts, who owns a well 400 feet deep 1 mile west of 
Celina post-office, reports the sinking of a good many wells there, and 
that the strata seemed to get deeper to the east, perhaps 100 feet to the 
mile; all soft water. 

H. F. Doyle, who owns a well 388 feet deep 13 miles southwest of 
Celina, says: ‘‘It is 30 feet to slate rock, then after 200 feet get some 
sand, then harder rock and shale; just above the water there is a hard 
sand rock 6 or 7 feet thick. Found water in white sand, which was 12 
or 15 feet thick.” 

John Bryant has a well 470 feet deep located in town of Celina, and 
gives the following section: 


Secrion No. 133.—Srcrion or WELL or JoHN BryANT, AT CELINA. 


| Thickness. | Depth. 

Feet, Feet. 
SOlleoe sac dbsodacesoguso see eee eces See ne coo eS HES Eee 6 6 
VOW CEN acs cots bebo staacue Subs Son Ben een nee Eoee ee eoe nee 12 18 
DAKE OKA TOL ACKESTaLCmr eset a- eis = ane oie says 450 468 
SHINES LUGERS cad ac OGa SES ae Seed te eee eee es eee 2 470 


‘*This is very soft and easily handled. Below this slate you strike 
a soft sand rock (Woodbine), in which you always find good soft water 
in inexhaustible quantities. Have drilled many of these wells in 
Collin and Grayson counties, and find the same thing in all.” 

Postmaster at Celina says: ‘*‘ Have deep wells, but don’t flow. They 
range from 200 to 480 feet. Have one in our little town 480 feet deep; 
the water is pumped by windmills.” 

A. Machard, who owns a well 395 feet deep 13 miles northwest of 
Rockhill, says: ‘‘After passing through the soil about 15 feet we strike 
soapstone (clay), and when we get through that we always get plenty 
of water.” 

W. B. Smith, who has a well 370 feet deep 2 miles west of Rock- 
hill, gives the following section: 


Section No. 134.—Srcrion oF WELL or W. B. Smite 2 MILES WEST OF ROCKHILL, 
CoLtIn County, TEXxas. 


| 


| 


Thickness. Depth. 
Feet. | Feet. 
Bled soil’. cA RRE NS -aaseee ne Seale pe coe 20. | 20 
Handislateswibbs occasional hurdimockgss emesis esse acne De 22 
SHAG TOO oo She SAU Re see aeres teers pS ees aes ee 6+ 28 
Irie Wrloulie Shine FA eee aes Seer sap Ol eee aee Sees eee eee 10 38 
0 le he Wee Ea 322 | 360 
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EASTERN BORDER COUNTIES. 


In Hunt, Kaufman, Navarro, Falls, and Milam counties, along the 
eastern border of the Black Prairie, there are certain peculiar artesian 
conditions. The Trinity, Paluxy, and other reservoirs of the Comanche 
series are too deeply embedded to be practically available. The 
Woodbine reservoirs, however, are available at depths of from 1,500 
to 3,000 feet in the counties named, except Falls County. 

In general, these counties are sublevel areas of prairie covered with 
dense black calcareous soil. The round divides seldom rise over 200 
feet above the streamways. Geologically they are underlain to depths 
of from 1,000 to 2,000 feet by the formations of the Upper Cretaceous 
series, which have a gentle and uniform inclination to the east. On 
the east they are overlain by the Tertiary formations, the artesian 
conditions of which are not within the province of this paper. 

In each of the counties mentioned deep artesian borings have been 
made at one or more localities which in a general way demonstrate the 
artesian conditions mentioned. 

The eastern portion of these counties is underlain by local reservoirs 
composed of the sands of the Navarro formation, which afford the 
water supply of Terrell. Inasmuch as the outcrop of these reservoirs 
extends through the eastern half of these counties, they are too slightly 
embedded to have serious artesian possibilities within the region under 
discussion, but.in the East Texas Timber Belt, to the eastward, they 
ought to be available for deep-seated wells. 

Another important economic feature of this tier of counties is the 
occurrence of oil and gas in paying quantities in the shales of the 
Upper Cretaceous series. The oil at Corsicana has proved to be of 
commercial value and quantity, as will be further described. 


HUNT COUNTY. 


Hunt County has an area of 720 square miles. It is a typical black 
prairie country, having little topographic relief other than gently roll- 
ing prairie. The highest altitudes are at Celeste (658 feet) and Wolfe 
(682 feet). The county is underlain by all the Cretaceous artesian 
reservoirs, but these are at great depths beneath all of it. The Wood- 
bine reservoirs are from 2,000 to 2,500 feet and the Trinity reservoirs 
from 500 to 1,000 feet deeper; hence no artesian wells could be 
expected here, except at great depth and expense. 

The geologic formations in this county are the Taylor and Navarro 
beds of the Upper Cretaceous. We have only one imperfect record of 
an artesian experiment. This is a brief log of a well at Commerce, as 
given by Mr. H. G. Johnston. The well was a failure from a practi- 
cal standpoint, and no data were furnished concerning the quantity or 
rise of water. 
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Section No. 135.—Loag or weELu ar Commerce, Hunr County, Trxas, By H. G. 


~ 


JOHNSTON. 
| Thickness, Depth. 
| 

Feet. | Feet. 
WTA oo Bes, Sob RSW SE Bs SOS ee eae ee ae ee ets et 1, 550 1, 550 
ANMEHIN. GIGI So fawees Be 8S Sey eee aera ene ieee en nem 400 1, 950 
as lepbond shale mers met een wis So eels ee ey Sed 400 2, 350 
WOO MING Se Ss SS yet soe Se Sl en ne pd 40 2, 390 


KAUFMAN COUNTY. 


Kaufman County has an area of 825 square miles. Except along 
the eastern border and in the valley of the Trinity, which forms the 
southwestern border, the surface is mostly upland black and black 
sandy prairie. It is underlain by the uppermost Cretaceous formations 
in the western two-thirds of the county and the Eocene along a belt 
corresponding to the eastern third. It is underlain by all the artesian 
reservoirs of the Cretaceous system, but these are very deeply em- 
bedded. The Woodbine reservoirs are probably 2,500 feet deep in the 
longitude of Terrell and Kaufman. 

Along the eastern margin of the Black Prairie water is obtained at 
shallow depths from the arenaceous beds of the uppermost Cretaceous, 
but this does not rise to the surface. 

One costly experiment has been made in this county to determine 
the availability of the artesian supply. This was the well drilled by 
the State of Texas at the insane asylum near Terrell to a depth of 
about 2,500 or 2,600 feet. We have the record of this well to a depth 
of 2,113 feet, where it was stopped for a time fully 600 feet above the 
upper Woodbine reservoirs. A newspaper clipping states that this 
well was afterwards continued to 2,500 feet, and that abundant water, 
85,000 gallons per hour, is obtained by deep pumps. As has been the 
case with all the State wells, no records have been published or are to 
be procured for the benefitof the public. This well alone cost $30,000. 
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Srcrion No. 136.—Parrian SECTION OF DRILL HOLE AT STATE INSANE ASYLUM AT 
TERRELL, KAUrFMAN County, TEXAS. 


(See Pl. LXIII, Z.) 


Thickness. Depth. 

Feet. Feet. 
14. Soil’. cece Sete aoe otek 55 ee eee | 15 15 
IS. Joint clay 22-352 sen eee eC eee pli He 31 46 
2S RoC kisi so Pe Sie he A se | 10 56 
[i Sandi(errelllireserv.oin)\=- 2) ee eee eee ee eee 20 76 
OW Shalesiandiclaya) (Naanno)) == see eee eee 185 261 
9: Softtrock (Navarro) hta2 28s. eeeee eee ee eee | 10 271 
8. -Blueishalev(Navarro) == 558 ees eee ee ce eee 340 611 
7. Rock. (Navarre). ee ee | 8 619 
6S ‘Blueishale:((Nawarno)) sets sete ere ere ee eee 484 1, 108 
be Rock.(Navarno) hasan e sas eee ee eee eee 8 | 1,111 
4; Blueishalei(Maylon) ese. 2-2-2. o ee eee 600 steals! 
Ss wOOlid rocks (ANistimM))\= sea es eee ano ae ae ee ee 195 1, 906 
2. ignites CAustiny)| 3-7 = see aoe et ae tea ae eee 12 5 1, 918 
iebime rocks (Ar stim) i= eosin oe eee oe eee ene eee 195 2, 113 


At 1,280 feet traces of gas and oil were seen in probably the same 
horizon at which oil is obtained at Corsicana. At 1,900 feet the drill 
passed through 8 feet of lignite and some salt deposits. 

The postmaster at Lawndale says that all efforts at getting water 
have failed. It is a good country but for scarcity of water. 

Mr. E. H. Green, president of the Texas Midland Railway Company, 
has kindly furnished the following section of the well drilled by his 
company at Terrell. This section illustrates the nature of the water- 
bearing sands of the Navarro division along the eastern margin of the 
Black Prairie, which have been previously alluded to as the Terrell or 
Navarro reservoir. 

Secrion No. 137.—Secrion or Wet or THE Texas Mipitanp Rartway Company av 
TERRELL, KAurmMaNn County, TEXas. 


) Thickness. Depth. 
Feet. Feet. 
Black waxy soil grading downward into yellow clay marl -.-- 10 10 
Bluish, pack'sand.es- .2 oe sec sete eee ee anes 6 16 
Blue pack sand containing small water-yielding layers... ---.- 34 50 
Water-yielding sands) 322s seas ee oe eee an eee nee ee 10 60 


This well yields 40,000 or 50,000 gallons every twenty-four hours. 
The well of M. A. Joy is located in the city of Terrell. It is 173 
feet deep; depth to first water, 42 feet; to other waters, 85 and 135 
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feet. It is nonflowing, but the water rises above level at which it was 
reached, furnishing 150,000 gallons daily. It contains magnesia. 

The well of A. P. Lowrie, 3 miles east of Poetry, is 216 feet deep; 
depth of first water, 70 feet; to other waters, 126 feet. It is non- 
flowing, but the water rises 136 feet and furnishes plenty of good, 
wholesome water. Calvin Dorsey, well driller, gives the following 
section: 


> 


Section No. 138.—Srcrion oF WELL or A. P. Lowriz, 3 MILES EAST oF PoErTRy, 
Kavurman County, Texas, By CALvin Dorsey. 


| Thickness. Depth. 
Feet. | Feet. 

OHI GW s con Begsbabaeeeesbe Se 5 ae e eee eS ae tee 65 65 
IBIAGK COW sanisSecks cesses Ss coee Be See eee Cee eee ee | 70 135 
Cray Sal ROCK. sadapesSecosnessos Stee e eee eee Eanes .5 | 135.5 
Beek Oh ecaseue sasaceaea secs pee ee Bee Ree Des eRe eeaSoEes 78 213 
Cunyy GHG) ROC. saaudscece aces seaen aaEeeaeee eEeeEeepaneoee By 216 
WVuenauh at Oseul OOMee treme ers cieisyist acs cte cana slate Mok laneioe oe ae Seon eee 


The well of J. A. C. Howell, situated in town of Poetry, is 110 feet 
deep; depth of first water, 30 feet; to other waters, 40 feet. It is 
nonflowing. The water is used for running steam gin. Calvin Dorsey, 
the driller, gives the following section: 


Section No. 139.—Srcrion or weit or J. A. C. Howe, ar Porrry, KaurmMan 
County, Texas, By CALyin Dorsey. 


Thickness. Depth. 
| Feet, | Feet. 
JOUOE ios 56 joe eoet eo pamenc oS sea oe oe atesas ae eae | 20 | 20 
IBIBO GON secede she aaa bes Ee cc aen esse bees eS os aSe eae S) | 29 
\Waligrontin Gein ao BS 5 oe oe Seon See be ae Sek Go Sege saat e ee Eee eae peaeoneaae 
IBIEVOO ERY A Ge aa doaapooee et lo toe Soon Boas eae eee 40 69 
5217 Clipr OG Kas walt ites vet Tee ay ae eee en Ee, wie yea ty fa aL 70 
Blacktelavaresti olathe aways see See eee eee ees oe a ee 40 | 110 
| 


James Gale reports that his well is located 350 yards from Tona 
post-office. It is 160 feet deep; is nonflowing, the water rising about 
130 feet. The water is soft, and any quantity can be obtained. 
After passing through the siliceous rock the shaft dropped 14 feet in 
water below rock. 
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Section No. 140.—SxEcrion oF WELL oF JAMES GALE, AT Tona, Texas. 


Thickness. Depth. 
Feet. Feet. 
Yellow clays sas. she eee eee ark: 22-2 oe ee eee eee 30 30 
Yellow jointiclay:. 2.2 sce eae a oa) ee eee 90 120 
Black: clay 245/20 asta eee oe ten <2 + eee eee 20 140 
Rock; gray ‘sandstone ss2-emeeseese. \sc-~ 2-2 eee eee 9 149 
Black wamyiclays.2 cee eee ete eae seco eee eee eee 10 159 
Rock; siliceous... =45. heer et ones eee ates eee eee eee il 160 


The postmaster at Colquitt informs the writer that they can not get 
water there unless they go about 200 or 300 feet, and then it is always 
limy or has a brackish taste and can not be used for drinking purposes. 

No returns have been received from the southern half of the county. 


Schedule of wells in Kaufman County, Texas. 


Depth < Flow- 
n : A Total 4 Other | Rise of « Qual- 
Owner. Location. : to first nh 0-9 Pee 
| depth. water, | Waters.) water.a | oy, | ity. b 
| | Feet. Feet. Feet. 
1. Mason! -c-e-e-seeees Poetry, 4 miles from.......- | 145 60fS|asoenee 10 feet No. 2 
| from 
| | top. 
A, P. LOWnleesse--e- == | Poetry, 3 miles east of....-..| 216 | 70 126 136 No. 2 
J. ASC Howelleeaeernee POUR ica omasse ces cease seee 110 30 40 x No. 2 
Bee Greeniereeeere Tona, 300 feet northeast of 150 Cle ceeeee hese se alee. eens No. 1 
post-office. | | | 
BCE ees ooseooodaads Tona post-office, 350 yards | 160 Jze--2e2e[eeee eee 130 No. | 1 
south of, | | | 
| | | lp 85 1) J 
M; A. JON oseereeee es WRerrel bse, os hse neuccicet etal out 42 |; - INO A ebaas 
| L135 J 
CG Dorseyse-ceeeeeee ees eae GORE sAeietecenic-Geeecer 100 | 40 2018 | see ae INGE. jesse 
Insane asylum well...:| Near Terrell..............-- | 25600 sec ee oe =e eeeeD eee eee NOHO |Ssaace 
a | | 
ax=yes. 


b1, soft and potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, con- 
tains lime; 8, contains soda; 9, contains alkali; 10, contains potash; 11, contains alum; 12, contains 
magnesia. 


NAVARRO COUNTY. 


Navarro County has an area of 1,030 square miles. The surface 
consists entirely of gently rolling black prairie varying in altitude 
from 640 feet at Frost, near the western corner of the county, to about 
300 feet along the valley of the Trinity, which constitutes the eastern 
border. 

The surface formations consists mostly of the sands and clays of the 
Navarro division of the Upper Cretaceous along the eastern margin of 
the county and the Taylor marls and Austin chalk in the western por- 
tion. The county is underlain by the Trinity, Paluxy, and Woodbine 
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reservoirs. The latter alone need be considered in relation to artesian 
water, inasmuch as it contains an abundant supply, while the Paluxy 
and Trinity reservoirs are too deeply embedded to be available. The 
top of the Woodbine reservoir at the western corner of the county is 
about 1,000 feet below sea level. At Corsicana it is 2,500 feet, and at 
the eastern corner of the county probably 3,000 feet. 

Deep wells drilled at Corsicana have demonstrated the character of 
the strata and the availability of the water supply. We have reports 
of three flowing artesian wells at Corsicana and one 3 miles west of the 
city. The following section of the second well drilled in Corsicana is 
furnished by Mr. H. G. Johnson. 


Srecrion No. 141.—SEcTION OF ARTESIAN WELL No. 2, av CorsICANA, TEXAS, DRILLED 
BY H. G. JOHNSON, COMPLETED DECEMBER, 1895. 


(See Pl. LIX, P:) 


| Thickness. | Depth, 

Feet. Feet. 
Sein Glaygerin cuts eva cly Gl ayer eee een ele atm hence ara ore LS fe eS | 1, 050 | 1, 050 
SW learll eval CI eoeae a OS ee ee eva Dee ea et 500 | 1, 550 
Ohallkesiblwevandayiniteslimestone pas sss a= ase see eae ieee oe | 430 1, 980 
Blue-black shale. ---- Sa a ee oe ne ase ae ae Le 420 2, 400 
Wiater-neanimnoxsance (VV ioodlbime)) Meenas seme e ee eee ee ao eein ane 60 2, 460 
ITSO: Sees eS Aeon Sob e Gee SE ee aot ae ae eee 27 2, 487 
Stina oa nee A ea gt) Ce | 8] 2,495 
SUTEUNGY A a tee ee RS ta SS Moreen Urey Teh ee a 20) | Op falls 


This well flows 280,000 gallons per day, and has a pressure of 38 
pounds. The temperature of the well is 126° F. 

Judging from the sections of the Woodbine formation in the wells 
in Hill County to the westward, the Corsicana wells do not entirely 
penetrate that formation, but derive their waters from the upper 
reservoirs. The upper 1,550 feet of this well represent the combined 
Navarro and Taylor formations. In the first well oil was encountered 
at 1,040 feet, but no oil was met with in well No. 2. The discovery 
of oil in the first well led to the sinking of numerous wells to the oil 
horizon in the vicinity of Corsicana, and this Survey, through the 
agency of Mr. James L. Autry, employed a driller to keep a minute 
section of one of the oil wells.’ This section, made up from specimens 


1[t is not within the province of this paper to discuss oil wells. At Corsicana 642 oil wells had been 
drilled up to the close of 1899, producing about 1,282,869 barrels of oil. The production of the Corsi- 
cana oil fields is fully treated in the annual reports on Mineral Resources published by this Survey. 
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taken at intervals of 10 feet, gives the exact character of the strata of 
the upper 1,050 feet of the deep wells. It is as follows: 


Section No. 142.—SEcTION OF AN OIL WELL OF THE AMERICAN WELL AND PROSPECTING 


Company, Lor 1, Buocx 42, Crry or Corsicana. 
Depth. 
Feet. 
Light-colored clay free from grit; gypsum, small quartz pebbles, jasper; pebble 


wery fine aid! ScarceyPac<2 <p. ee a eee es ee 35 
Fine unctuous light-gray clay, same as preceding; no grit.........--..------ 45 
Dane ee Seer een ees o£ a fa tee, tons sees Seiac 5d 
DO an eke Meee ted Sc yo oe ee ene sca ee eee 65 
Fine-grained sand; white quartz and glauconite. One small pebble of feldspar- 75 
DO sos Dosen ye Me oats ake SU Ser ee ep 2s Se ee Se 85 
Black sandy clay, small jasper and quartz fragments and pieces of nacreous 
fossils) Pebble -yeryaiim cram CS Cai Ce aaa eee ea eee ee 95 
DO abs seed Bebe hae eee 2 105 
Black sandy clay, small jasper and quartz fragments and pieces of nacreous 
fossils. Pebble very fine and scarce; angular piece of broken flint, small 
fossils ;morerelauconite thankimypnre ce cin oye = aa. een 115 
Black sandy clay, small jasper and quartz fragments and pieces of nacreous 
fossils. Pebble very fine and scarce; a little clay and less glauconite... -- 125 
Exceedingly fine-grained sand, glauconite, becoming rare; light-gray color. =! 135 
DO: otee ec oe Bee ee tele 2 ae ae er eR ee ee nr eee 145 
Soule iG eres anal werayy stole sein cl alee ape ee ee 155 
DOr 2 Bo die ce soye aes Sees WN Sea he Se ee 165 
D0) 2 fore eee ance 2 See es Se Seat egal ee noe 175 
DO) Seo ioc aie scare ote ee Seay Se ee 185 
pandiyiclaysidark-orayacolor me verye lGbL ey orl tye ee eee aaa 195 
PDO Sees Stele ere SN ae IS ee er 205 
Laminated clays and sediments accompanied by very fine grit..........----- 215 
Laminated clays and sediments accompanied by very fine grit; trace of fossil 
Shell cock eeiscc cents 22 ee eee 2 ee ee ee eee ee 225 
Dor sec kS oo pee feasts Sale elal es Bs ea 235 
Laminated clays and sediments accompanied by very fine grit; trace of fossil 
shell; stiff argillaceous clay with shells; blackish-gray color, slight grit, con- 
tinuationvol preceding == 3282-42 ec eee] ee ee ene eee ee eee 245 
Asiaboverlessionitasitehtl ya lich ter Col ory me ers ee 255 
Arenaceous clay, sand, very fine and about equal proportions with the clay -. 265 


Arenaceous clay, sand, very fine and about equal proportions with the clay; 


exceedingly fime:erite:: ce ecoo5 ee ae oer ee eee 275 
DOs. sess te ieee eects Lol Oe ce Se es 285 
Arenaceous clay, sand, very fine and about equal proportions with the clay; 
exceedingly fine grit; nacreous'shell fragments -=-----22--22.--ss2--- 2" 295 
Arenaceous clay, sand, very fine and about equal proportions with the clay; 
exceedingly fine grit; nacreous shell fragments; grit decreasing.....-..-.--- 305 
Arenaceous Clay ac< ccs cS2 eye ee ceige sce Se ce eae en Sete See 315 
Arenaceousi clays jshellitrasments 225 = ee eee eee a ee 325 
DO). Ske oecigeeHeee auees wets Ce eee eee ee 335 
1 Do pee te ne Dee Meer aan en tf Sere ee SOR Sa Sab acaeeous a224sa5ece 345 
Arenaceous clay; shell fragments; clay increasing in proportion to grit. ------ 355 
Arenaceous clay; shell fragments; clay increasing in proportion to grit; still 
eritty elauconitic claysan. 2 set ceo te ee ee eae 365 


1 Doe ae te pa ene ees a eR RUE ae a detoes age b 375 
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zo Depth. 
Feet. 
Arenaceous clay; shell fragments; clay increasing in proportion to grit; still 

TANIA ALNIGOVET NO CENTER Gaal COREA 3 ba ooo esse sees oeuacseeaecconuese 385 
CHE ook eno eS Sip ROR ee ce eee ee ne eas a rt ta AIP Bhd ys ora PN Bema 395 
(Clenyys: cilia od lyfe ota ROIS 3 se ee ee ee See ee eee 405 
Clay eshiolitlyacvpsiterous:sonib clecreaslin gym meee oye = = anes Sienna 415 
Clay; slightly gypsiferous; grit decreasing; grit almost imperceptible -.-.-.--- 425 
BineclayswanitralmMostumumpenrceptlblesn= sees ee eee eee eee eee 435 
ioimmpyaClayemonenime cram Of eave sa are aera ene eee eee 445 
(GrBny GS 48 8 a eS ee oe te ee eee ee Ue 455 

IDG sod ad8oSS GROOM EO Be ee ee ee tees fe es et eee a oe ae 465 
IDO) 3 cadet SESE Se SE a eet ae eee ee EE Spee eee ne 475 
IDO jobs dace eRe ee ee ere a meee ene ee ene ere tpt aeehcys ins Aeeaebey ate 485 
1D ocblo Sob SAB SUES gOS OE oA eI Re eee ees eas bps meets eh Seat oe aie ay 495 
ND Of yet eee e cea a ated bus seed aioe Riad eet ae ce acres cies 505 
ID Dig SoS pho See Sea SO a eee eee oe se Peers ee ea a et ee es 515 
VOXO ew dsc Sees SOE rc Os Rees er tS pe ak gp 525 
Clavcicontnue wanveryslittleveriteeee sn. see oe ae ee ee eee eee oe ae ee 535 
LOGY Be Se Sa AOS yO EE Se EE aE lett ae eee ena et ae 545 
Hilalkaygelavshstill ori thyaew a ane eet eee joer ae eee) ee eee wee eae 555 
GiribhygC lay Sepecn eet eve te eterem rene eerie Bye card ee eM eda ete eee eT 565 
LD Orete aioe Sarees atte eee orate se oe afb 2G. ah Sree taal ehisetuseemiecee 575 
ED) Oper sce tee nels MS pines Sine ees oSemmae dh sckbeceme et sees 585 
Teme” Clalwss (eral baaresiy many eeeej owl) son caboeandoosesssuncecsseedeseascas 595 
1DXG) Ste oma SAS Oe OP SEO ae Sere Nee tee Sn eg eet ene rs eee Ee 605 
Clase lOIRESTs SUS ENO ON AMES 6 so ao doc eRe Berd do ssnea sorte coe seeeedaee 615 
lOO Se OS HE SSO EE Sane Car Se ete ate See ee eS A eee ee tree 625 
1D OVS eel aine Spammer some sla pieete eae enna Sea soils Sees 635 
JX IMO ONO EMH  A OSee eee eee Se ees ae een 645 
Ciltralm os am peLcelp ula le weenie oe ieee eee eee ye eons r ene eaa Oe ascites 655 
Fine, greasy, black clay; bituminous, very earthy and loamy.--------------- 665 
IW Gis aoe See Hee See eee ee le eS re ee ee 675 
IDG) oS Seca ecee OSHS SEO AAS MASE eee Senora ao orc acO eee eae 685 
Fine, greasy, black clay, bituminous, very earthy and loamy; lighter colored; 

TO) (EAA SS 5 Gc erctetets So SESE OR ae eet IE Pa es eis PE, Ot ee ee 695 
Decided change to light-colored clays again; free from grit -...-.------------ 705 
Weight-crayaclayspinee trOmMuonite ee a= sees eee eee eee eer aioe soe els sac c 715 

IDO ecco: cra Ee SRO Ree ae SO Sito eens is et ase i ee 725 
LOX). se te ei ee eal ete POI nets ates SL le ae oa 735 
IDO) pateteto cts See sets Be en ay eee SC Se OSS 6m SS te ae a te er ter pee eernees 745 
IDG). SRSA cop oaco spe Seco dat bese odtan eC SOOO S SS ee eae ee eee 795 
Change to black, slightly arenaceous, earthy clay again..-........----------- 765 
IDO se eibe sae eae eA ROM SA Rone SE ce mie Ciel Cire Sues neat en ea 775 
liiehiter-coloredhelayeae anes eary ern asset seen setters tae ae eee 785 
Bituminousiblack earthvagaime very littlevonit==-5-22----5-----=----.---=2--— 795 
IDO) Gabdexnommanaacte ceerds SNSOes Sede GaP Osa GH Aa eae eee eee He eee ree 805 
lLpedantare lkayySB TaN) lO TURORTUAYO OR) TMM so ono es oboe cae sb Goss e Seen aeoees 815 
Nampa lays soe tain o¢d ar kre oan eee ee ee eye see eee oe 2 = eee 825 
Hichiters OU Clays =—- sana eee Renae ance te ata eisa! Seed ses oe he 835 
IDG) sist 8 eo ror ARNE eS BEE OeiSe eer Se eee ae Se eee eee 845 
Gritiyplicht-coloredcclays anus e see sesame eos oS ee toe seco ae Se 855 
IDG 25655 sate g Beata see aS Seats Hdic OS SALE een aS eae eee a 865 
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Depth. 

Feet. 

Lighticlays; very slichitly orth yg see sree eee ee a 885 
DO sesecete a dae Foe Deets eee ee ee els. ey ie ie 895 

DO eh otc leS sks Soon ce ee on eee ere nee ee ee 905 

| Do eee eee ee ee Se oe ont oo ds ected oe pE ee OCe en eeeccels 915 
Very little orit:. 242-2328 2s ee ee re ee eee SS = ea eee 925 
Clays slightly darker in color, slate color; slightest possible grit.......------- 935 
DOs 2cedaciassoasees -soe Ease aoe ee eer ener eet a tn Pee 945 
Bituminous; earthiysc] ayaa cane eee ee eee eee 955 
Light slate-colored clay again; barcst trace of grit ..........-.-------------- 965 
DO aoe cocerd te cicje ioe SE Se se et a Sar to re ere Spore = eet eee 975 
Darker-colored clay, slightly bituminous; laminated .........-...--.--.----- 985 
Bo eee ee Se OCC oR Sra Gare a ou eerie 995 
laminated: dark=coloredi¢laye=esceee eee eee eee eee eee 1, 005 
Clays slightly lighter inicolonjeseeessesee setae ose eee eee eee a eee 1,015 
Decidedly arenaceOuss..2.252-os2 55 2c2 sees Je bas 2 +e eee ee ereeeser =e ae 1, 020 
TO) sis lanessiaim sic eam STG Pare Ne Ee OSE ase nr 1, 025 
Decidedly arenaceous clay i262 Sas. .ce Saas sas] skew se 2 eee ee eee ier 1, 035 
Hine;arenaceous!miatentall imcneasim oe see ae a 1, 040 
Arenaceous clay materialeve. 22s os- ean face eee 1, 045 
Bluish: clays; \lessioribtysess eases oe eee ae sane -) ans oe ee ee - 1, 050 


A careful study of these sample borings will show that the clays 
are all of a sandy and arenaceous nature, distinguishing the Navarro 
formation from the Taylor formation, thereby contributing valuable 
knowledge concerning the thickness of these two formations in this 
portion of Texas. 

The well at the Orphans’ Home, 3 miles west of Corsicana, is 2,300 
feet in depth. Similar wells should be obtained throughout this 
county to the west of Corsicana at constantly decreasing depths. 


Schedule of wells in Navarro County. 


: a a = 

= Somers 2 é 

a Oo i) S 40 ° 

Owner. Exact loeation. Le} oS pa =I ms 

a) * ot 3S 

a bafta 2 = Sb 

| rs) Begs || mies aS F 

| is) 77) = & =) 

J. Whitesellessss-eeeseenee ImiCorsicana ass eeeeeeeee eee 2, 487 G x Yes. | No. 
Corsicana Water Co....-..--- | In Corsicana (2 wells)......--.- 2,477 G x Vege |2.-2-- 
Orphans’, Home sie 2229--ces== 3 miles west of Corsicana..-...-- | 2300s eG xs aly | Eee 


FALLS COUNTY. 


This county has an area of 770 square miles. The relief consists of 
an upland plain, as shown in the western portion, which has been 
intensely dissected by the broad and deeply cut valley of the Brazos 
River. The extreme eastern portion of the county lies within the 
Tertiary area, a central north-south belt is occupied by alluvial forma- 
tions of the Brazos Valley, and the western half is typical black Creta- 
ceous prairie, underlain by the Navarro and Taylor formations of the 
Upper Cretaceous series. 
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The-county is underlain by the Trinity and Paluxy reservoirs, which 
are deeply embedded at depths of from 2,000 feet on the western bor- 
der of the county to 4,000 feet on the eastern. So far as we can ascer- 
tain, only one artesian experiment has been made in this county, but 
this is one of the most important and instructive artesian drillings in 
the Black Prairie region, as well as one of the deepest artesian wells 
in the United States. This well is situated at Marlin, altitude 394 
feet above sea level, and is 3,330 feet in depth. The well was drilled 
by the city at a cost of $30,000. It flows about 80,000 gallons of water 
a day, having a temperature of 147° F. and a pressure of 97 pounds 
to the square inch. 

The water is mineral in character (see analysis, p. 448) and is used 
for medicinal and advertising purposes. This well penetrates nearly 
the entire Cretaceous series. Like many other great undertakings of 
the kind in Texas, no accurate section of this well was kept. H. G. 
Johnson, who drilled it, has kindly furnished the following brief log: 
Section No. 143.—SrEcTION OF DEEP WELL AT Martin, Faris Country, Texas, FROM 

NOTES BY H. G. JOHNSON, WELL DRILLER. 


(See Pl, LVIII, P.) 


Thickness. | Depth. 
Feet. Feet. 

Blvemm ra (Navyarcoands Lay lon) peer ere as eee an eso e 1, 150 1, 150 
Challikeyalimestonel CAlIStin) peer eeeeee ree eeee teers se eee eee 200 1, 350 
Bue lava (blag leshiond)) pemen seat eee eee eee ee anes, - 100 1, 450 
ieimvestonen (Budavancd Ss) elski0)) aseeeee eee reas eisai saa = 125 1,575 
Bln Cleny CEwNCE, Gravel IDEN IEC) Socao sosacecsecdscouscuneorEe 77 1, 652 
White limestone (Georgetown and Edwards) -...-.-..------- 338 1,990 
Shelly limestone and clay (Walnut)........---....---------- 200 2, 190 
imestonesi (GlenpRose) Paces see eeeeeeee eee eee meee = ae 1, 000 3, 190 
Aglittlesandstinstwlows se = ao een ae eee eee oasee ene c.. esac 10 3, 200 
isinellyi Ihvonsstoraes (MUabaviN)) oo ooasceus copenss scHoouedaoes 100 3, 300 
San hawilit Miawalbe res tyecr hee see Re eye Nem ate crae Sale 20 to 30 3, 33 


MILAM COUNTY. 

Only the western half of Milam County lies within the Cretaceous 
area, and the artesian reservoirs are embedded from 2,000 to 5,000 
feet beneath this county, and hence are practically unavailable. In 
the eastern portion of the county artesian wells are obtained from the 
Tertiary series, but these do not lie within the province discussed in 
this paper. At Thorndale, on the western border of the county, a 
costly artesian experiment was made. A hole drilled 1,700 feet was 
entirely through the blue marls of the Upper Cretaceous, not even 
reaching the Austin chalk. 
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Schedule of wells in Milam County, Texas. 


Eyal 2S lly Sealine 
Boe ek:.|| 8! | esd eee ae mene! 
Owner. Exact location. 3 s = £3 “ 2 5 3 
alse, || Se oan) oe alee 
3 o oy ae & s BH 
a A Aa 4 Fe e A 
Feet Feet. Feet. 
W.S. Caruthers .......-. Phorndaleeacses snes Si." PeeSeaee Weretefets taqeta | meeteT=atall etetalet=toleys | teteesace | aerate 
AUB. Bredy...+25-c20-- Maysfield .........------- Loa | EEO ene Se eesecee { d Neeaaee 
T. J. Estes |{Baileyville, 3; miles west | 831 | on | Z No 3] No. 
RU BSteSioss eee ee ee Wok: Me 2S EHS ccc x No. ) 
A.J.Raymond........-. Branchyille, 300 yards of. 700 WN sabedeas x No. 1 No. 
JHAGBeclep ae Branchyille, 4 miles| 530| 200]  320|......|........|......| No. 
east of. | 
| 


a1, soft and potable; 2, hard; 3, salty; 4, contains sulphur; 5, contains iron; 6, contains oil; 7, con- 
tains lime; 8, contains soda; 9, alkali; 10, contains potash; 11, contains alum; 12, contains magnesia. 


AREAS OF THE COUNTIES OF THE BLACK AND GRAND PRAIRIES, 
AND ALTITUDES THEREIN. 


AREAS OF COUNTIES. 
Square Square Square 
miles. miles. miles. 

Bellas ee eases ees 093s eGraysonee===eeeree 960 | Montague --------- 976 

IBOSqueheeeeeeeeeee 100 72|\"Elamiltonts. 222-2 == 8495 SNavalnOeees eee 1, 030 

IBurmeteasee seo O92 a Melo Seer os eee 986q|eearke reese eee 866 

Collimasee ee aeeseee 866)|pEloodiassssseeeeeee 424 | Red River..--..--- 900 

Comanches -s2—— 9547 Bein tee see eee 870 | Rockwall.--.-.---- 151 

Cookests-.- 28a. se2 9285 || Johnsonts=--s425=- 725 | Somervell ...------ 191 

Coryellea ae 1065) Keauiman==ee see 82a Mlanranteeeeee eee 897 

Dallacih es sees 8590) seaman esse eens SOs Mirai sae eee: 1, 040 

Dentoneaeasaeeseee O72u tLampasas==—eeeee 723 || Williamson =--2--- 1, 148 

HS h Pee eee esse 965 | Limestone.-...---- Oba | WISe seer ae Baceree 893 

iKratheeeeeeseeeeee 1,091 | McLennan ...---.-- 1, 055 ae 

Ralls eee one 770)| Milam). 2.22982 1, 036 Total. .-..-- 31, 597 

(Rannin@e ss see 9400} Mill sae ee see 696 

ALTITUDES, ARRANGED BY COUNTIES. 

Brown County: Feet. | Burnet County—Continued. Feet. 
Blanket: tipo eenee scm aes 1, 601 Post Mountain\yaassse= eee 1, 556 
Brownwood seee eee ees sear 1, 348 Potato Nop Peak =eeeeeee sae 1,57 
Indian Mountam\esso.--s—- 1,600 | Collin County: 

ZephyT ya ass- eerste ee 1,501 Allene: 2-2. ease ee eee 664 

Burnet County: Annas. .c5 cece eee eee 719 
Bald Mountains se-seseee — 1, 239 Copeville ... 5-2ease seems 551 
Bertha estes eran, sees 1, 268 Farmersville meeesseeeeceere 636 
Burnet S2eecse 20s. We ciate 1, 295 Josephines<=_ seen eee e = - 619 
Bairlan dasa asses apace ee 980 Mokcnneyssesssee eee eee eaee 612 
Granite Mountain. ........-- 877 Melissa: 2-5 sere cee ace 692 
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ADVERTISHMHEHNT. 


(Twenty-first Annual Report, Part VIT.| 


The statute approved March 3, 1879, establishing the United States Geological Survey, contains the 
following provisions: 

“The publications of the Geological Survey shall consist of the annual report of operations, geolog- 
ical and economic maps illustrating the resources and Classification of the lands, and reports upon 
general and economic geology and paleontology. The annual report of operations of the Geological 
Survey shall accompany the annual report of the Secretary of the Interior. All special memoirs and 
reports of said Survey shall be issued in uniform quarto series if deemed necessary by the Director, 
but otherwise in ordinary octayos. Three thousand copies of each shall be published for scientific 
exchanges and for sale at the price of publication; and all literary and cartographic materials 
received in exchange shall be the property of the United States and form a part of the library of the 
organization ; and the money resulting from the sale of such publications shall be covered into the 
Treasury of the United States.” 

Except in those cases in which an extra number of any special memoir or report has been supplied 
to the Survey by resolution of Congress, or has been ordered by the Secretary of the Interior, this 
office has no copies for gratuitous distribution. 


ANNUAL REPORTS. 


I. First Annual Report of the United States Geological Survey, by Clarence King. 1880. 8°. 79 pp. 
1 map.—A preliminary report describing plan of organization and publications. 

II. Second, Annual Report of the United States Geological Survey, 1880-81, by J. W. Powell. 1882. 
8°. iv, 588 pp. 62pl. imap. 

III. Third Annual Report of the United States Geological Survey, 1881-82, by J. W. Powell. 1883. 
8°. xviii, 564 pp. 67 pl. and maps. 

IVY. Fourth Annual Report of the United States Geological Survey, 1882-83, by J. W. Powell. 1884, 
8°. xxxii, 473 pp. 85 pl.and maps. 

V. Fifth Annual Report of the United States Geological Survey, 1883-84, by J. W. Powell. © 1885. 
8°, xxxvi, 469 pp. 58 pl. and maps. 

VI. Sixth Annual Report of the United States Geological Survey, 1884-’85, by J. W. Powell. 1885. 
8°. xxix, 570 pp. 65 pl. and maps. . 

VII. Seventh Annual] Report of the United States Geological Survey, 188586, by J. W. Powell. 1888. 
8°. xx, 656 pp. 71 pl.and maps. 

VIL. Eighth Annual Report of the United States Geological Survey, 1886-’87, by J. W. Powell. 1889. 
8°. 2pt. xix, 474, xii pp., 53 pl. and maps; 1 p. 1., 475-1063 pp., 54-76 pl. and maps. . 

IX. Ninth Annual Report of the United States Geological Survey, 1887~’88, by J. W. Powell. 1889. 

8°. xiii, 717 pp. 88 pl. and maps. 

X. Tenth Annual Report of the United States Geological Survey, 1888-89, by J. W. Powell. 1890. 
8°. 2pt. xv, 774 pp., 98 pl. and maps; viii, 123 pp. 

XI. Eleventh Annual Report of the United States Geological Survey, 1889-90, by J.W. Powell. 1891. 
8°. 2pt. xv, 757 pp., 66 pl. and maps; ix, 351 pp., 30 pl. 

XII. Twelfth Annual Report of the United States Geological Survey, 1890-91, by J. W. Powell. 1891. 
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with Report on Flora, by Frank Hall Knowlton. 1893. 8°. 68 pp. 6pl. Price 10 cents. 

106. The Colorado Formation and its Invertebrate Fauna, by T. W. Stanton. 1893. 8°. 288 pp. 
45 pl. Price 20 cents. 

107. The Trap Dikes of the Lake Champlain Region, by James Furman Kemp and Vernon Free- 
man Marsters. 1893. 8°. 62 pp. 4pl. Price 10 cents. 

108. A Geological Reconnoissance in Central Washington, by Israel Cook Russell. 1893. 8°. 108 pp. 
12 pl. Price 15 cents. 

109. The Eruptive and Sedimentary Rocks on Pigeon Point, Minnesota, and their Contact Phenom- 
ena, by William Shirley Bayley. 1893. 8°. 121 pp. 16 pl. Price 15 cents. 

110. The Paleozoic Section in the Vicinity of Three Forks, Montana, by Albert Charles Peale. 1893. 
8°. 56 pp. 6pl. Price 10 cents. 

111. Geology of the Big Stone Gap Coal Field of Virginia and Kentucky, by Marius R. Campbell. 
1893. 8°. 106pp. 6pl. Price 15 cents. 

112. Earthquakes in California in 1892, by Charles D,. Perrine. 1893. 8°. 57 pp. Price 10 cents. 

113. A Report of Work done in the Division of Chemistry during the Fiscal Years 1891-92 and 
1892-'93. F. W. Clarke, Chief Chemist. 1893. 8°. 115 pp. Price 15 cents. 

114. Earthquakes in California in 1893, by Charles D. Perrine. 1894. 8°. 23 pp. Price 5 cents. 

115. A Geographic Dictionary of Rhode Island, by Henry Gannett. 1894. 8°. 31lpp. Price 5 cents. 

116. A Geographic Dictionary of Massachusetts, by Henry Gannett. 1894. 8°. 126 pp. Price 15 
cents. 

117. A Geographic Dictionary of Connecticut, by Henry Gannett. 1894. 8°. €7pp. Price 10 cents. 

118. A Geographic Dictionary of New Jersey, by Henry Gannett. 1894. 8°. 131 pp. Price 15 cents. 

119. A Geological Reconnoissance in Northwest Wyoming, by George Homans Eldridge. 1894. 8°. 
72pp. 4pl. Price 10 cents. 

120. The Devonian System of Eastern Pennsylvania and New York, by Charles 8. Prosser. 1895. 
8°. 81 pp. 2pl. Price 10 cents. ‘ 

121. A Bibliography of North American Paleontology, by Charles Rollin Keyes. 1894. 8°, 251 pp. 
Price 20 cents. Py) 

122. Results of Primary Triangulation, by Henry Gannett. 1894. 8°. 412 pp. 17 pl. Price 25 
cents. \ 

123. A Dictionary of Geographic Positions, by Henry Gannett. 1895. 8°. 183 pp. Ipl., Price 15, 
cents. 
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124. Revision of North American Fossil Cockroaches, by Samuel Hubbard Seudder. 1895. §&°. 176 
pp. 12 pl. Price 15 cents. 

125. The Constitution of the Silicates, by Frank Wigglesworth Clarke. 1895. 8°. 109 pp. Price 15 
cents. 

126. A Mineralogical Lexicon of Franklin, Hampshire, and Hampden Counties, Massachusetts, by 
Benjamin Kendall Emerson. 1895. 8°. 180 pp. lpl. Price 15 cents. 

127. Catalogue and Index of Contributions to North American Geology, 1732-1891, by Nelson 
Horatio Darton. 1896. 8°. 1,045 pp. Price 60 cents. 

128. The Bear River Formation and its Characteristic Fauna, by Charles A. White. 1895. 8°. 108 
pp. llpl. Price 15 cents. 

129. Earthquakes in California in 1894, by Charles D. Perrine. 1895. 8°. 25 pp. Price 5 cents. 

130. Bibliography and Index of North American Geology, Paleontology, Petrology, and Mineralogy 
for 1892 and 1893, by Fred Boughton Weeks. 1896. 8°. 210 pp. Price 20 cents. 

131. Report of Progress of the Division of Hydrography for the Calendar Years 1893 and 1894, by 
Frederick Haynes Newell, Topographer in Charge. 1895. 8°. 126 pp. Price 15 cents. 

132. The Disseminated Lead Ores of Southeastern Missouri, by Arthur Winslow. 1896. 8°. 31 pp. 
Price 5 cents. 

133. Contributions to the Cretaceous Paleontology of the Pacific Coast: The Fauna of the Knoxville 
Beds, by T. W. Stanton. 1895. 8°. 132 pp. 20pl. Price 15 cents. 

134. The Cambrian Rocks of Pennsylvania, by Charles Doolittle Walcott. 1896. 8°. 43 pp. 15 pl. 
Price 5 cents. 

135. Bibliography and Index of North American Geology, Paleontology, Petrology, and Mineralogy 
for the Year 1894, by F.B. Weeks. 1896. 8°. 141 pp. Price 15 cents. 

136. Voleanic Rocks of South Mountain, Pennsylvania, by Florence Bascom. 1896. 8°. 124 pp. 28 
pl. Price 15 cents. 

137. The Geology of the Fort Riley Military Reservation and Vicinity, Kansas, by Robert Hay. 
1896. 8°. 35 pp. 8pl. Price 5cents. 

138. Artesian-Well Prospects in the Atlantic Coastal Plain Region, by N.H.Darton. 1896. 8°. 228 
pp. 19pl. Price 20 cents. 

139. Geology of the Castle Mountain Mining District, Montana, by W. H. Weed and L. Y. Pirsson. 
1896. 8°. 164pp. 17pl. Price 15 cents. 

140. Report of Progress of the Division of Hydrography for the Calendar Year 1895, by Frederick 
Haynes Newell, Hydrographer in Charge. 1896. 8°. 356 pp. Price 25 cents. 

141. The Eocene Deposits of the Middle Atlantic Slope in Delaware, Maryland, and Virginia, by 
William Bullock Clark. 1896. 8°. 167 pp. 40 pl. Price 15 cents. 

142. A Brief Contribution to the Geology and Paleontology of Northwestern Louisiana, by T. Way- 
land Vaughan. 1896. 8°. 65 pp. 4pl. Price 10 cents. 

143. A Bibliography of Clays and the Ceramic Arts, by John C. Branner. 1896. 8°. 114 pp. Price 
15 cents. 

144. The Moraines of the Missouri Coteau and their Attendant Deposits, by James Edward Todd. 
1896. 8°. 7lpp. 21pl. Price 10 cents. 

145. The Potomac Formation in Virginia, by W. M. Fontaine. 1896. 8°. 149 pp. 2 pl. Price 15 cents. 

146. Bibliography and Index of North American Geology, Paleontology, Petrology, and Mineralogy 
for the Year 1895, by F. B. Weeks. 1896. 8°. 130pp. Price 15 cents. 

147. Earthquakes in California in 1895, by Charles D. Perrine, Assistant Astronomer in Charge of 
Earthquake Obseryations at the Lick Observatory. 1896. 8°. 23 pp. Price 5 cents. 

148. Analyses of Rocks, with a Chapter on Analytical Methods, Laboratory of the United States 
Geological Survey, 1880 to 1896, by F.W. Clarke and W. F. Hillebrand. 1897. 8°. 306pp. Price 20 cents. 

149. Bibliography and Index of North American Geology, Paleontology, Petrology, and Mineralogy 
for the Year 1896, by Fred Boughton Weeks. 1897. 8°. 152 pp. Price 15 cents. 
- 150. The Educational Series of Rock Specimens Collected and Distributed by the United States 
Geological Survey, by Joseph Silas Diller. 1898. 8°. 400 pp. 47 pl. Price 25 cents. 

151. The Lower Cretaceous Grypheas of the Texas Region, by R. T. Hill and T. Wayland Vaughan. 
1898. 8°. 1389pp. 35 pl. Price 15 cents. 

152. A Catalogue of the Cretaceous and Tertiary Plants of North America, by F. H. Knowlton, 
1898. 8°. 247pp. Price 20 cents. 

153. A Bibliographic Index of North American Carboniferous Invertebrates, by Stuart Weller. 1898. 
8°. 653 pp. Price 35 cents. 

154. A Gazetteer of Kansas, by Henry Gannett. 1898. 8°. 246 pp. 6pl. Price 20 cents. 

155. Earthquakes in California in 1896 and 1897, by Charles D. Perrine, Assistant Astronomer in 
Charge of Earthquake Observations at the Lick Observatory. 1898. 8°. 47 pp. Price 5 cents. 

156. Bibliography and Index of North American Geology, Paleontology, Petrology, and Mineralogy 
for the Year 1897, by Fred Boughton Weeks. 1898. 8°. 130 pp. Price 15 cents. 

157. The Gneisses, Gabbro-Schists, and Associated Rocks of Southwestern Minnesota, by Christopher 
Webber Hall. 1899. 8°. 160 pp. 27pl. Price 45 cents. 

158. The Moraines of Southeastern South Dakota and their Attendant Deposits, by James Edward 
Todd. 1899. 8°. 17lpp. 27pl. Price 25 cents. 
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159. The Geology of Eastern Berkshire County, Massachusetts, by B. K. Emerson. 1899. 8°. 139 
pp. 9pl. Price 20 cents. 

160. A Dictionary of Altitudes in the United States (Third Edition), compiled by Henry Gannett. 
1899. 8°. 775 pp. Price 49 cents. 

161. Earthquakes in California in 1898, by Charles D. Perrine, Assistant Astronomer in Charge of 
Earthquake Observations at the Lick Observatory. 1899. 8°. 31 pp. 1pl. Price 5 cents. 

162. Bibliography and Index of North American Geology, Paleontology, Petrology, and Mineralogy 
for the Year 1898, by Fred Boughton Weeks. 1899. 8°. 163 pp. Price 15 cents. 

163. Flora of the Montana Formation, by Frank Hall Knowlton. 1900. 8°. 118 pp. 19pl. Price 
15 cents. 

164. Reconnaissance in the Rio Grande Coal Fields of Texas, by Thomas Wayland Vaughan, includ- 
ing a Report on Igneous Rocks from the San Carlos Coal Field, by E. C. E. Lord. 1900. 8°. 100 pp. 
11 pl. and maps. Price 20 cents. 

165. Contributions to the Geology of Maine, by Henry S. Williams and Herbert E. Gregory. 1900. 
8°.. 212 pp. 14 pl. Price 25 cents. 

166. A Gazetteer of Utah, by Henry Gannett. 1900. 8°. 43 pp. ‘map. Price 15 cents. 

167. Contributions to Chemistry and Mineralogy from the Laboratory of the United States Geolog- 
ical Survey; Frank W. Clarke, Chief Chemist. 1900. 8°. 166 pp. Price 15 cents. 

168. Analyses of Rocks, Laboratory of the United States Geological Survey, 1880 to 1899, tabulated 
by F. W. Clarke, Chief Chemist. 1900. 8°. 308 pp. Price 20 cents. 

169. Altitudes in Alaska, by Henry Gannett. 1900. 8°. 13 pp. Price 5 cents. 

70. Survey of the Boundary Line between Idaho and Montana from the International Boundary 
_to the Crest of the Bitterroot Mountains, by Richard UrquhartGoode. 1900. 8°. 67pp. 14pl. Price 
15 cents. 

171. Boundaries of the United States and of the Several States and Territories, with an Outline of 
the History of all Important Changes of Territory (Second Edition), by Henry Gannett. 1900. 8°. 
142 pp. 53 pl. Price 30 cents. —! 

172. Bibliography and Index of North American Geology, Paleontology, Petrology, and Mineralogy 
for the Year 1899, by Fred Boughton Weeks. 1900. 8°. 141 pp. Price 15 cents. 

173. Synopsis of American Fossil Bryozoa, including Bibliography and Synonymy, by John M, 
Nickles and Ray S. Bassler. 1900. 8°. 663 pp. Price 40 cents. 

174. Survey of the Northwestern Boundary of the United States, 1857-1861, by Marcus Baker. 1900. 
8°. 78pp. 1pl. Price 10 cents. : 

175. Triangulation and Spirit Leveling in Indian Territory, by C. H. Fitch. 1900. 8°. I141pp. ipl. 
Price 10 cents. 

176. Some Principles and Methods of Rock Analysis, by W. F. Hillebrand. 1900. 8°. 114 pp. 
Price 15 cents. 

178. The El Paso Tin Deposits, by Walter Harvey Weed. 1901.° 8°. 15 pp. l1pl. Price 5 cents. 

In press: 

177. Catalogue and Index of the Publications of the U. 8S. Geological Survey, 1880-1901, by P. C. 
Warman. 

179. Bibliography and Catalogue of the Fossil Vertebrata of North America, by Oliver Perry Hay. 
In preparation: 

— Triangulation, Primary Traverse, and Spirit-leveling during the Fiscal Year 1900-1901, by H. M. 
Wilson, J. H. Renshawe, E. M. Douglas, R. U. Goode, and S. S. Gannett. 

— Economic Geology of the Silverton Quadrangle, Colorado, by Frederick Leslie aneomel 

— Contributions to the Geology of the Cascade Range, by George Otis Smith and Bailey Willis. 

— Oil and Gas Fields of the Western Interior and Northern Texas Coal-Measure areas and of the 
Upper Cretaceous and Tertiary of the Western Gulf Coast, by George I. Adams. 

— Descriptive Geology of Nevada South of the Fortieth Parallel and of Adjacent California, by 
Josiah Edward Spurr. 

— The Stratigraphy of the Marine Trias of North America, by James Perrin Smith. 

— The Occurrence and Distribution of Corundum in the United States, by Joseph Hyde Pratt. 

— History of the Interior Continental Basin and its Fauna during Neo-Paleozoie Time, by Henry 
Shaler Williams. 

— Contributions to the Stratigraphic Geology of Colorado, by George H. Girty. 

— The Waverly Group in Northeastern Ohio, by George H. Girty. 

— Morphogeny of the Klamath Mountains, by Joseph Silas Diller. 


WATER-SUPPLY AND IRRIGATION PAPERS. 


By act of Congress approved June 11, 1896, the following provision was made: 

“ Provided, That hereafter the reports of the Geological Survey in relation to the gauging of 
streams and to the methods of utilizing the water resources may be printed in octavo form, not to 
exceed one hundred pages in length and five thousand copies in number; one thousand copies of 
which shall be for the official use of the Geological Survey, one thousand five hundred copies shall be 
delivered to the Senate, and two thousand five hundred copies shall be delivered to the House of 
Representatives, for distribution.” 
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Under this law the following papers have been published: 


1 
2 
3. 


16 
17 


. Pamping Water for Irrigation, by Herbert M. Wilson. 1896. 8°. 57 pp. 9 pl. 

. Irrigation near Phcenix, Arizona, by Arthur P. Davis. 1897. 8°. 97 pp. 31 pl. 

. Sewage Irrigation, by George W. Rafter. 1897. 8°. 100 pp. 4 pl. 

. A Reconnoissance in Southeastern Washington, by Israel Cook Russell. 1897. 8°. 96 pp. 7pl. 
. Irrigation Practice on the Great Plains, by Elias Branson Cowgill. 1897. 8°. 39pp. 12 pl. 

. Underground Waters of Southwestern Kansas, by Erasmuth Haworth. 1897. 8°. 65 pp. 12pl. 
. Seepage Waters of Northern Utah, by Sainuel Fortier. 1897. 8°. 50 pp. 3 pl. 

. Windmills for Irrigation, by E.C. Murphy. 1897. 8°. 49pp. 8pl. 

. Irrigation near Greeley, Colorado, by David Boyd. 1897. 8°. 90 pp. 21 pl. 

. Irrigation in Mesilla Valley, New Mexico, by F. C. Barker. 1898. 8°. 51 pp. 11 pl. 

. River Heights for 1896, by Arthur P. Davis. 1897. 8°. 100 pp. 

. Underground Waters of Southeastern Nebraska, by N. H. Darton. 1898. 8°. 56 pp. 21 pl. 

. Irrigation Systems in Texas, by William Ferguson Hutson. 1898. 8°. 67 pp. 10 pl. 

. New Tests of Pumps and Water-Lifts used in Irrigation, by O.P. Hood. 1898. 8°. 91pp. 1pl, 
. Operations at River Stations, 1897, Part I. 1898. 8°. 100 pp. 

. Operations at River Stations, 1897, Part II. 1898. 8°. 101-200 pp. 

. Irrigation near Bakersfield, California, by C.E.Grunsky. 1898. 8°. 96 pp. 16 pl. 

. Irrigation near Fresno, California, by C.E.Grunsky. 1898. 8°. 94pp. I4pl. 


19. Irrigation near Merced, California, by C.E.Grunsky. 1899. 8° 59 pp. 11 pl. 
20. Experiments with Windmills, by T.O. Perry. 1899. 8°. 97 pp. 12 pl. 
21. Wells of Northern Indiana, by Frank Leverett. 1899. 8°. 82pp. 2pl. 
22. Sewage Irrigation, Part II, by George W. Rafter. 1899. 8°. 100 pp. 7 pl. 
23. Water-right Problems of the Bighorn Mountains, by Elwood Mead. 1899. 8°. 62pp. 7 pl. 
24. Water Resources of the State of New York, Part I, by G. W. Rafter. 1899. 8°. 99 pp. 13 pl. 
25, Water Resources of the State of New York, Part II, byG. W. Rafter. 1899. 8°. 101-200pp. 12pl 
26. Wells of Southern Indiana (Continuation of No. 21), by Frank Leverett. 1899. 8°. 64 pp. 
27. Operations at River Stations for 1898, Part I. 1899. 8°. 100 pp. 
28, Operations at River Stations for 1898, Part II. 1899. 8°. 101-200 pp. 
29. Wells and Windmills in Nebraska, by Erwin H. Barbour. 1899. 8°. 85 pp. 27 pl. 
30. Water Resources of the Lower Peninsula of Michigan, by Alfred C. Lane. 1899. 8°. 97pp. 7pl. 
31. Lower Michigan Mineral Waters, by Alfred C. Lane. 1899. 8°. 97 pp. 4pl. 
32. Water Resources of Puerto Rico, by Herbert M. Wilson. 1899. 8°. 48 pp. 17 pl. 
33. Storage of Water on Gila River, Arizona, by Joseph B. Lippincott. 1900. 8°. 98 pp. 33 pl. 
34. Geology and Water Resources of SE. South Dakota, by J. E. Todd. 1900. 8°. 34pp. 19 pl. 
35. Operations at River Stations, 1899, Part I. 1900. 8°. 100 pp. 
36. Operations at River Stations, 1899, Part II. 1900. 8°. 101-198 pp. 
37. Operations at River Stations, 1899, Part III. 1900. 8°. 199-298 pp. 
38. Operations at River Stations, 1899, Part IV. 1900. 8°. 299-396 pp. 
39. Operations at River Stations, 1899, Part V. 1900. 8°. 397-471 pp. 
40. The Austin Dam, by Thomas U. Taylor. 1900. 8°. 51 pp. 16 pl. 
41. The Windmill; Its Efficiency and Economic Use, Pt. I, by E. C. Murphy. 1901. 8°. 72pp. 14pl. 
42. The Windmill; Pt. II (Continuation of No. 41). 1901. 8°. 73-147 pp. 15-16 pl. 
43. Conveyance of Water, by Samuel Fortier. 1901. 8° 86pp. 15 pl. 
44, Profiles of Rivers, by Henry Gannett. 1901. 8°. 100 pp. 11 pl. 
In press: 
45. Water Storage on Cache Creek, California, by A. E. Chandler. 
46. Physical Characteristics of Kern River, California, by F. H. Olmsted, and Reconnaissance of 


Yuba River, California, by M. Manson. 


47 


. Operations at River Stations, 1900, Part I. 


8. Operations at River Stations, 1900, Part IT. 


. Operations at River Stations, 1900, Part IIT. 
. Operations at River Stations, 1900, Part IV. 
. Operations at River Stations, 1900, Part V. 

. Operations at River Stations, 1900, Part VI. 


53. Geology and Water Resources of Nez Perce County, Idaho, by I. C. Russell, Part I. 


. Geology and Water Resources of Nez Perce County, Idaho, vy I. C. Russell, Part II. 


5. Geology and Water Resources of a portion of Yakima County, Washington, by George Otis Smith. 


TOPOGRAPHIC MAP OF THE UNITED STATES. 


When, in 1882, the Geological Survey was directed by law to make a geologic map of the United 
States, there was in existence no suitable topographic map to serve as a base for the geologic map. 
The preparation of such a topographic map was therefore immediately begun. About one-fifth of 


the 
atla: 
ing. 


area of the country, excluding Alaska, has now been thus mapped. The map is published in 
s sheets, each sheet representing a small quadrangular district, as explained under the next head- 
The separate sheets are sold at 5 cents each when fewer than 100 copies are purchased, but 


when they are ordered in lots of 100 or more copies, whether of the same sheet or of different sheets, 


the 


price is 2 cents each. The mapped areas are widely scattered, nearly every State being repre- 
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sented. About 1,100 sheets have been engraved and printed; descriptive circulars concerning them 
may be had on application. 

The map sheets represent a great variety of topographic features, and with the aid of descriptive 
text they can be used to illustrate topographic forms. This has led to the projection of an educa- 
tional series of topographic folios, for use wherever geography is taught in high schools, academies, 
and eolleges. Of this series the first three folios have beenissued, viz: 

1. Physiographic types, by Henry Gannett. 1898. Folio. Four pages of descriptive text and the fol- 
lowing topographic sheets: Fargo (N. Dak.-Minn.),a region in youth; Charleston (W. Va.),a region in 
maturity; Caldwell (Kans.), a region in old age; Palmyra (Va.), arejuvenated region; Mount Shasta 
(Cal.), a young voleaniec mountain; Eagle (Wis.), moraines; Sun Prairie (Wis.), drumlins; Donald- 
sonville (La.), river flood plains: Boothbay (Me.), a fiord coast; Atlantie City (N.J.), a barrier-beach 
coast. Price 25 cents. 

2. Physiographic types, by Henry Gannett. 1900. Folio. Eleven pages of descriptive text and the 
following topographic sheets: Norfolk (Va.-N. C.), a coast swamp; Marshall (Mo.), a graded river; 
Lexington (Nebr.), an overloaded stream; Harrisburg (Pa.), Appalachian ridges; Poteau Mountain 
(Ark.-Ind. T.), Ozark ridges; Marshall (Ark.), Ozark Plateau; West Denver (Colo.), hogbacks; Mount 
Taylor (N. Mex.), volcanic peaks, plateaus, and necks; Cucamonga (Cal.), alluvial cones; Crater Lake 
special (Oreg.), a crater. Price 25 cents. 

3. Physical geography of the Texas region, by Robert T. Hill. 1900. Folio. Twelve pages of text 
(including 11 cuts); 5 sheets of special half-tone illustrations; 5 topographic sheets, one showing types 
of mountains, three showing types of plains and scarps, and one showing types of rivers and canyons; 
and a new map of Texas and parts of adjoining territories. Price 50 cents. 


GEOLOGIC ATLAS OF THE UNITED STATES. 


The Geologic Atlas of the United States is the final form of publication of the topographic and 
geologic maps. The atlas is issued in parts, or folios, progressively as the surveys are extended, and 
is designed ultimately to cover the entire country. 

Under the plan adopted the entire area of the country is divided into small rectangular districts 
(designated quadrangles) , bounded by certain meridians and parallels. The unit of survey is also the 
unit of publication, and the maps and descriptions of each rectangular district are issued as a folio of 
the Geologie Atlas. 

Each folio contains topographic, geologic, economic, and structural maps, together with textual 
descriptions and explanations, and is designated by the name of a principal town or of a prominent 
natural feature within the district. 

Two forms of issue have been adopted, a ‘‘library edition” and a ‘field edition.’’ In both the 
sheets are bound between heavy paper covers, but the library copies are permanently bound, while 
the sheets and covers of the field copies are only temporarily wired together. 

Under the law a copy of each folio is sent to certain public libraries and educational institutions. 
The remainder are sold at 25 cents each, except such as contain an unusual amount of matter, which 
are priced accordingly. Prepayment is obligatory. The folios ready for distribution are here listed. 


Area, in| Price, 
No. Name of sheet. State. Limiting meridians. Limiting parallels. |square| in 
miles. ‘cents, 
ee ———— = ——— } 
| | 
> ivimestonis. sees see Montana .- 110°=111° | 45°-46° | 3,354 25 
2 | Ringgold .......... { Doraabels 85°-85° 30/ 34° 30/-35° | 980] 25 
34 (Placerville Scenes. California 120°: 30’-121° 38° 30/-39° 932 25 
4) Som pstom@ teenese see Tennessee | 84° 30/-85° 35° 30/-36° 969 25 
5 | Sacramento ...-2--: California 121°-121° 30/ 38° 30/-39° 932 25 
6 | Chattanoogaa ...-... Tennessee 85°-85° 30/ 35°-35° 30’ 975 25 
7 | Pikes Peaka........| Colorado - 105°-105° 30/ 38° 30/-39° 932 25 
SiiSewanees sce oesa Tennessee 85° 30/-86° 35°-35° 30/ 975 | 25 
9 | Anthracite-Crested | Colorado . 106° 45/-107° 15’ 38° 45/-39° | 465 | 50 
Butte. a Virginia - - | 
10 | Harpers Ferry. ..... West Va.. 77° 30/-78° | 89°-39° 30° 925 25 
Maryland. | 
TG Jaecksoneeee. soccer California 120° 30/-1219° 38°-38° 30/ 938 25 
Virginia .. | 
LD Stiles eee Kentucky 82° 30/-83° 36° 30/-387° 957 25 
|| Tennessee | 
13 | Fredericksburg -{| Vigna | 779-772 30! 38°-38° 30/ 938 | 25 
14 | Staunton........-.- { Wee vac 79°-79° 30° | 389-889 30’ | 938] 25 
15 | Lassen Peak ...-..-.- California 1219-1229 40°-41° | 3,634 25 
r Sea {| Tennessee || 20 anr_e4o 250 an/_2fo or | r 
16") Knoxville: 2-2 sacs. \| N.Carolinalf 83° 30/-84 35° 30/-36 925 25 
17 | Marysville .........- California 121° 30/-122° 39°-39° 30/ 925 25 
18 | Smartsville ........- California 1219-121° 30’ 39°-39° 30/ 925 25 
| Alabama . | 
19 | Stevenson.........- | Georgia -. 85° 30/-86° 34° 30/-35° | 980 25 
| Tennessee | 
20 | Cleveland | Tennessee 84° 30/-85° 35°-35° 30’ 975 | 25 
2i | Pikeville Tennessee 85°-85° 30’ 35° 30/-36° 969 25 
22)) McMinnville. 5... - Tennessee 85° 30’-86° 35° 30/-36° 969 25 


aOut of stoek. 
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vs | Area, in/Price, 
No. Name of sheet. State. Limiting meridians. | Limiting parallels. |square| in 
| miles. |cents. 
= | je ee 
23\| Nomini :...-..:.--- {| Fees 76° 30/770 | 38°-38° 30’ | 938 | 25 
24 | Three Forks ......-.. Montana . 1119-112° S 45°-46° | 3,354 50 
2D: PWOUGONS = 2- oe aeseo Tennessee 84°-84° 30/ 35° 30/-36° 969 25 
26 | Pocahontas ....-.-- { Wert vay 81°-81° 30/ 370-379 30’| 951 25 
27 | Morristown .....-..- Tennessee 83°-83° 30’ | 36°-36° 30/ 963. | 25 
98 | Piedmont .......-.- { Wawa | 79°-79° 30/ 39°-39° 30/| 925 | 25 
29 | Nevada City: | 
Nevada City ..-. J 121° 00’ 25//-121° 03/ 45” | 39° 13/ 50/-39° 17’ 16” 11. 65 |) 
Grass Valley ...;| California| { 121° 01/ 35/-121° 05’ 04” | 39° 10’ 22/-39° 13’ 50” 12.09 50 
baths ipo rk s | 120° 57’ 05/-121° 00’ 25” | 39° 13’ 50-399 17’ 16” 11.65 
rellowstone Na- 
tional Park: 
Gallatine------- | 
Cen OUE re || Wyoming. 110°-111° 44°-45° | 3,412 75 
Taker eas. a58 5 
31 | Pyramid Peak....... California 120°-120° 30/ 44°-45° 932 25 
32 | Franklin..........- | Masten 79°-79° 30! 38° 30/-39° | 9321 95 
33 | Briceville ....-.-.--: Tennessee 849°-84° 30/ 36°-36° 30/ 963 25 
34 | Buckhannon.... -.-. West Va.. 80°-80° 30/ 38° 30/-39° 932 25 
SO PGaGsden eee eeeeres Alabama . 86°-86° 30/ 84°-34° 30/ 986 25 
BOM Pee DLO tee cm a semaiene Colorado . 104° 30/-105° 88°-38° 30/ 938 50 
37 | Downieville ........ California 120° 30’-1219 39° 30/—40° 919 25 
38 | Butte Special -...--. Montana -}| 112° 29’ 30/-112° 36/ 42” | 45° 59/ 28/-46° 02’ 54” 22.80 50 
SON Mruekee. see iced California 120°-120° 30/ 39°-39° 30/ 925 25 
AQUEWartburgyenees neces Tennessee 84° 30/-85° 36°-36° 30° 963 25 
AUN SONOMA essence oe eer California a 120°-120° 30/ 37° 30/-38° 944 25 
AD UIMNUECESS msee ens eee Texas .... 100°-100° 30’ 29° 30/-30° | 1,035 25 
43 | Bidwell Bar......... California 121°-121° 30/ 39° 30/-40° 918 25 
44 | Tazewell.........-- { area \; 81° 30/-82° 379-379 30/ 950| 25 
A4balBOISetsao eos scot ese Idaho .... 116°-116° 30/ 43° 30/449 864 25 
4Gs\sRichmond -- 2202. .- Kentucky 84°-84° 30/ 37° 30/-388° 944 25 
Aa EONG OMe eects Kentucky 84°-84° 30/ 37°-37° 30/ 950 25 
48 | Tennis District | Colorado . 106° 8/-106° 16’ | 39° 22’ 30/-39° 30’ 30” 55 25 
Special. 
4Op ROSE DUNS wae eaaeiee ae 123°-123° 30/ 43°-43° 30/ $71 25 
50 | Holyoke ...-...-.-- { 72° 30/-73° 420-499 30/ 885 50 
on | Big aces paoeaccodse California 120°-120° 307 38°-38° 30/ 938 25 
2 saroka: 

AAR | Wyoming. 109° 30/-110° | 440-440 30’ | 1,706 | 95 
53, Standingstone ...-... Tennessee 85°-85° 30’ 36°-36° 30° 963 25 
OU ACO Malet sere rere Washing- 122°-122° 30! | 47°-47° 30! | 812 25 

| ton. | 
55 | Fort Benton .--..... Montana . 1109°-111° 47°-48° | 3,273 25 
56 | Little Belt Mts......| Montana .- 110°-111° | 46°-47° | 3,295 25 
bival| Reliumid Ge sess samen Colorado . 107° 45/-108° | 37° 45/-38° 236 25 
08") Blmoro 2.2 a. oeseee Colorado . 104°-104° 30/ | 87°-37° 30/ 950 25 
59 | Bristol ............. { Noroaeelt 820-829 30/ | 36° 30/-37° | 957] 25 
GON pWarblateeesseee =.= Colorado 3 108°-108° 15/ 37° 15/-37° 30/ 237 25 
61 | Monterey .........- J) ecoemalt 79° 30/-80° | 38°-38° 30/ 938 25 
62 | Menominee Special.! Michigan.| (a NW.-SE. area, about | 22 m. long, 64 wide) 150 25 
oe | Motes hodeteascn-. calitormis (a NW.-SE. rectangle, 70 m. long, 63 wide) 455 50 

VWEMICO Bes Gnodo seq (GI Saas 99° 30’-100 29°-29° 30/ 1, 040 25 

‘69 |. Tintic Special....... | WRENS ane 111° 55/-112° 10/ , 89° 45/-40° 229 25 

(66nColfames enn ese ane California 120° 30/-121° 39°-39° 30’ | 925 25 

67) | Danville: s-.. 5-2. {| aaa 87° 30/-87° 45/ 40°-40° 15} 298] 95 

68 | Walsenburg.....-..- | Colorado : 104° 30’—-105° 37° 30/-38° 944 25 

69 | Huntington........ {| ie aaa 820-820 30/ 38°-38° 30/ 938 | 25 
| Maryland 

70 | Washington........ | PSttOr Co: 76° 45/779 15/ 38° 45/-399|  465| 50 
f | Virginia. . 

71 | Spanish Peaks ...... | Colorado . 104° 30/-105° 37°-37° 30’ 950 25 


XII ADVERTISEMENT. 


STATISTICAL PAPERS. 


Mineral Resources of the United States, 1882, by Albert Williams, jr. 1883. 8°. xvii,813 pp. Price 
50 cents. 

Mineral Resources of the United States, 1883 and 1884, by Albert Williams, jr. 1885. 8°. xiv, 1016 
pp. Price 60 cents. 

Mineral Resources of the United States, 1885. Division of Mining Statistics and Technology. 1886. 
8°. vii, 576 pp. Price 40 cents. 

Mineral Resources of the United States, 1886, by David T. Day. 1887. 8°. viii,813 pp. Price 50 cents. 

Mineral Resources of the United States, 1887, by David T. Day. 1888. 8°. vii, 832pp. Price 50 cents. 

Mineral Resources of the United States, 1888, by David T. Day. 1890. 8°. vii,652 pp. Price 50 cents. 

Mineral Resources of the United States, 1889 and 1890, by David T. Day. 1892. 8°. viii, 671 pp. 
Price 50 cents. 

Mineral Resources of the United States, 1891, by David T. Day. 1°93. 8°. vii, 680 pp. Price 50 cents. 

Mineral Resources of the United States, 1892, by David T. Day. 1893. 8°. vii,850 pp. Price 50 cents. 

Mineral Resources of the United States, 1893, by David T. Day. 1894. 8°. yiii,810 pp. Price 50 cents. 


On March 2, 1895, the following provision was included in an act of Congress: 

‘‘ Provided, That hereafter the report of the mineral resources of the United States shall be issued 
as a part of the report of the Director of the Geological Survey.”’ 

In compliance with this legislation the following reports have been published: 

Mineral Resources of the United States, 1894, David T. Day, Chief of Division. 1895. 8°. xv, 646 
pp., 23 pl.; xix, 735 pp.,6 pl. Being Parts III and IV of the Sixteenth Annual Report. 

Mineral Resources of the United States, 1895, David T. Day, Chief of Division. 1896. 8°. xxiii, 
542 pp.,8 pl. and maps; iii, 543-1058 pp., 9-13 pl. Being Part III (in 2 vols.) of the Seventeenth 
Annual Report. ° 

Mineral Resources of the United States, 1896, David T.Day, Chief of Division. 1897. 8°. xii, 642 
pp., 1 pl.; 648-1400 pp. Being Part V (in 2 vols.) of the Eighteenth Annual Report. all 

Mineral Resources of the United States, 1897, David T. Day, Chief of Division. 1898. 8°. viii, 651 
pp., 11 pl.; viii, 706 pp. Being Part VI (in 2 vols.) of the Nineteenth Annual Report. 

Mineral Resources of the United States, 1898, David T. Day, Chief of Division. 1899. 8°. viii, 616 
pp.; ix, 804 pp., 1 pl. Being Part VI (in 2 vols.) of the Twentieth Annual Report. 

Mineral Resources of the United States, 1899, David T. Day, Chief of Division. 1901. 8° viii, 656 
pp.; viii, 684 pp. Being Part VI (in 2 vols.) of the Twenty-first Annual Report. 

The money received from the sale of the Survey publications is deposited in the Treasury, and the 
Secretary of the Treasury declines to receive bank checks, drafts, or postage stamps. All remittances, 
therefore, must be by MONEY ORDER, made payable to the Director of the United States Geological 
Survey, or in CURRENCY—the exact amount. Correspondence relating to the publications of the 


Survey should be addressed to— 
THE DIRECTOR, 


UNITED STATES GEOLOGICAL SURVEY, 
WASHINGTON, D. C., June, 1901. WASHINGTON, D. C, 
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